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1 Introduction

Background

The lower St. Johns River is in the northeast portion of the Fiorida peninsula
(Figure 1). The lower river includes approximately 177 km (110 miles) of tidally
influenced river channel with a2 nominal width that varies from 183 m (600 ft) to
2.4 km (1.5 miles). Jacksonville Harbor is located approximately 34 km (21
miles) from the river mouth, which discharges into the Atlantic Ocean. A 42-km
(26-mile) dredged navigation channel is maintained from the river mouth to
Jacksonville to afford a minimum depth of 38 ft mllw’. Two parallel jetties,
spaced 488 m (1,600 ft) apart, stabilize the entrance. Atkm 16 (mile 10) a large
embayment known as Mill Cove opens onto the main stem of the St. Johns River.
Between km 24.1 (mile 15) and km 25.7 (mile 16) there exists a second, larger
opening between Mill Cove and the main stem of the River.

According to Brogdon (1979), “Tides occurring in the St. Johns River are
semidiurnal in nature and have a mean range of about 5.2 ft at the entrance, which
diminishes to about 2.0 ft at Jacksonville. The estuary is partially mixed, with
differences between surface and bottom salinity concentration at the entrance of
about 4.0 to 6.0 ppt. Under the influence of normal tides and freshwater
discharge, salinity intrusion extends upstream about 32 miles.... Average
freshwater discharge is about 4,475 cfs and ranges from negative freshwater
inflow (evaporation exceeds inflows) in the summer months to 9,300 cfs in the
winter months.”

The U.S. Army Engineer District, Jacksonville, is seeking to improve tidal
flushing in Mill Cove to maintain water quality and to prevent excessive
sedimentation. The District also wants to increase water current velocities mainly
in the southern part of the cove. Four plans have been proposed to reshape the
shoreline within Mill Cove. One additional proposed plan will also modify the
bathymetry of the cove. In this study a two-dimensional, vertically averaged
hydrodynamic model was used to compare the circulation patterns that occur in
the present-day Mill Cove against the circulation patterns that would result from
the five plan configurations. Sediment transport was simulated using a

1 All elevations (el) and depths in this report are in feet referred to mean lower low water (mllw). To
convert to meters, multiply by 0.3048.
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two-dimensional, vertically averaged model of sediment advection and dispersion
in the water column, with the channel bed acting as a source and/or sink for
sediment as it deposits and erodes. Two grain sizes were considered in separate
simulations: fine sand and medium grained sand. Only noncohesive sediments
were modeled.

The St. Johns River model was developed to study concurrently the Mill Cove
hydrodynamic circulation and sediment transport, the hydrodynamic and
sediment transport impacts of two navigation channel deepening plans, and the
hydrodynamic impact of a third channel deepening plan derived from the
previous two. The modeled effects of the channel deepening plans are to be
reported in a separate navigation channel hydrodynamic and sediment modeling
report. The model also produced the water current velocity vectors used in a ship
simulator study, the results of which are reported separately (McCollum, in
preparation). In the present report, the modeled currents and sediment transport
for the Mill Cove plans are compared against the existing configuration. The
study will address changes within the cove as well as any influence these changes
may have in the navigation channel.

Objectives

The objectives of this study were as follows:

a. To investigate the flushing characteristics of Mill Cove by developing a
two-dimensional, vertically averaged numerical model of the existing tidal
hydrodynamics for the lower St. Johns River, with particular emphasis on
the Mill Cove area.

b. To investigate the sediment transport characteristics by developing a two-
dimensional, vertically averaged numerical model of the existing non-
cohesive sediment transport in the lower St. Johns River.

¢. To compare modeled circulation patterns for the existing Mill Cove
shoreline against four engineering plans that involve modification of the
Mill Cove shoreline and a fifth plan that also involves a change in
bathymetry.

d. To compare the modeled tidal exchange through the Mill Cove inlets under
base and proposed Mill Cove plans.

e. To compare modeled patterns of noncohesive sediment erosion and
deposition under base and proposed Mill Cove plans.
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2 Technical Approach

The Jacksonville District is interested in providing sufficient tidal exchange
through the Mill Cove area to maintain water quality and to prevent excessive
sedimentation within the cove. Five plans have been proposed to improve tidal
exchange and increase water flow velocities in the southern part of Mill Cove.
These plans involve modifications to the Mill Cove shoreline by means of diking
and filling. Plan 5 also involves the modification of the bathymetry of the cove.

In this study, the changes in water flow and noncohesive sediment transport
that would result if the proposed plans were built were tested using a two-
dimensional, vertically averaged, numerical hydrodynamic model. The
hydrodynamic model used in this study employs the Galerkin finite element
formulation to solve the vertically averaged Reynolds form of the Navier-Stokes
equations with hydrostatic assumption applied. These equations are commonly
known as the vertically integrated shallow-water equations. The hydrodynamic
model, known as RMA2-WES, was originally written by Dr. Ian King and
Mr. William Norton of Resource Management Associates (RMA) in Lafayette,
CA, under contract to the U.S. Army Corps of Engineers (USACE). The model is
maintained and has been enhanced by personnel of the USACE Waterways
Experiment Station (WES) in Vicksburg, MS. The version used in this study was
RMAZ2-WES Version 4.295. The sediment transport model, known as SED2D-
WES Version 1.05 (formerly STUDH), uses the Galerkin finite element
formulation to solve the advection-dispersion equation for suspended sediment
transport in the water column. The channel bed is considered to be either a source
or sink of sediment, dependent upon the bed shear stress that results from the
velocity field calculated by RMA2-WES. This sediment transport model was
originally developed by Dr. Ranjan Ariathurai of RMA and has been
subsequently maintained and enhanced by personnel of WES.

The numerical models RMA2-WES and SED2D-WES were chosen for this
study for the following reasons. First, the finite element method permits the
modeler to develop an unstructured mesh to define the channel geometry. The
lower St. Johns River has many tributaries and secondary channels that are
difficult to discretize in the sense of a structured, index-based grid. The finite
element method uses freely connected three-sided and four-sided elements that
are knitted together by means of an element connection table, thus permitting the
modeler more flexibility to resolve important geometric features that may be
required to accurately compute the flow field. Second, a vertically averaged

Chapter 2 Technical Approach



description of the hydrodynamics was sufficient to answer the questions that were
posed concerning the relative impacts of the engineering plans on tidal flushing in
Mill Cove. Third, RMA2-WES has been successfully applied in over 100
estuarine and riverine modeling studies conducted by the USACE. SED2D-WES
and its predecessor, STUDH, have also been applied and tested in a variety of
studies conducted by WES.

'Hydrodynamic Model Data

. The five Mill Cove plan simulations were compared against a base simula-
tion that includes the existing 1995 ship channel and the present-day Mill Cove
shoreline. The St. Johns River mesh was built using data from a variety of
sources. The bathymetric data used to generate most of the numerical mesh were
digitized from the National Oceanic and Atmospheric Administration (NOAA)
Nautical Charts, National Ocean Survey (NOS) Nautical Chart No. 11491,
November 20, 1993 (27" ed.), and NOS Chart No. 11492, July 18, 1992
(17" ed.). The bathymetry of the navigation channel was provided by the
Jacksonville District.

The grid for the existing (base) condition (Figure 2) has 9,806 elements,
28,835 nodes, and a maximum element front width of 324. The depths, in
reference to the mean lower low water (mllw), range from 0.03 m (0.09 ft) along
some lateral boundaries of the grid to 24.4 m (80 ft) at the jetties. Depths at the
offshore boundary are between 15.2 and 18.3 m (50 and 60 ft). Most of the
navigation channel is 12.2 m (40 ft) deep, except by the Blount Island Channel,
9.1 m (30 ft), and the Terminal Channel, which averages 10.7 m (35 ft) (Figure 3).
The average depths in the Mill Cove area are between 0.3 m (1 ft) at the eastern
end and 1.2 m (4 ft) at the western end. Depths in the rest of the mesh from
Jacksonville to Buffalo Bluff range between 3.0 and 6.1 m (10 and 20 ft).

The numerical model mesh was carefully designed to address questions of
navigation and circulation in the vicinity of the proposed projects. More
resolution was added to the navigation channel and adjacent areas than to the rest
of the grid. This resolution was needed to decrease errors within the study area
and to provide a high-resolution flow field as input for the ship simulator. The
average size of elements in the navigation channel were 152.4 m (500 ft) long and
51.8 m (170 ft) wide. The computational domain was extended far from the area
of interest to ensure that the solution was not unduly influenced by errors in the
boundary condition data. Lateral shoreline boundaries were smoothed to improve
the accuracy of the mass conservation computations (McCollum and Donnell
1994).

The model hydrodynamic boundary conditions were the same for the base and
the proposed plans. The water discharge into the system was constant. The
tributary stream values (Table 1) were historical means collected from the
U.S. Geological Survey (1992).
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Table 1
Tributary Stream Values

Discharge
Tributary cu m/sec cfs
Black Creek 9.9109 350.00
Dunns Creek 4.5760 161.60
Deep Creek 0.2398 847
Rice Creek 5.4368 192.00
Julington Creek 0.3030 10.70
Oretga River 1.0194 36.00
St. Johns River at Buffalo Bluff 125.95 4,448.00

The offshore boundary was defined to be 7.02 km (4.36 miles) away from the
coastline. A boundary condition was applied consisting of a dynamically varying
water surface elevation representing the tidal fluctuations at sea (Figure 4). The
tide selected for the runs was the spring tide of October 6, 1994. A period of large
tidal range was chosen to provide the strongest currents for the ship simulator
tests. The period of the initial simulation was 72 hours, which permitted the
model to stabilize before the occurrence of the spring tide. This practice is
commonly referred to as model spin-up. The 72 hours of simulation were divided
into half-hour time-steps. Tide data were obtained from the TIDE 1 database
package developed by NOAA. The most convenient tide gauge available was the
Mayport station. To apply these tide data to the offshore boundary, it was
necessary to amplify the tide range slightly, thus keeping the orlglnal tide as it
reached the Mayport station.

Hydrodynamic Model Verification

The parameters available to calibrate the model are channel bed roughness and

eddy viscosity. The roughness is controlled by means of the correct spatial

| assignment of the Manning’s n coefficient values. The coefficient values are

l assigned by associating a material type with each of the elements in the mesh.

| Several different material types can be defined to describe the different

‘ physiographic regions of the estuary. For this model the material types represent

‘[ either regions of a specific range of depth, an area of interest like the navigation

| channel, or an obstruction to the natural flow of the water. The assignment of

> material types by depth is equivalent to assigning materials that differ by

| vegetation cover and bed composition. The eddy viscosity coefficients describe

‘ the degree to which small-scale turbulent flow features dissipate energy in the
flow field. A high eddy viscosity coefficient indicates high levels of turbulent
energy dissipation. This parameter accounts for small-scale flow features that are
not specifically resolved by the numerical mesh. Therefore the value of eddy
viscosity is a function of both the local flow field and the local grid size. Asa
rule of thumb, eddy viscosity is often assigned according to a grid Peclet number
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criterion. The grid Peclet number is defined (Brigham Young University 1994)
as:

P = (p V AVE, (1)

where
p = density, kg/cu m (slugs/ft®)
V = velocity along a particular streamline, m/sec (ft/sec)
Ax = mesh spacing, m (ft)
E; = turbulent eddy viscosity, Pa-sec (Ibf-sec/ft?)

A Peclet number less than 50 is desirable for numerical stability. This is the
criterion that was applied for the assignment of eddy viscosity values in this
study. Table 2 shows the resultant roughness and viscosity coefficients assigned
for each material type in the St. Johns River numerical mesh. In one case, near
the docking facility (material 5), an extremely high eddy viscosity value was
applied to account for the energy dissipation caused by small-scale loading and
docking facilities that are not explicitly resolved by the numerical mesh.

The platform used to run the model! was a DEC 3000 Model 500 AXP
workstation using the Digital Equipment Corporation 21064 RISC processor. On
average the simulation required 12 central processing unit (cpu) hours to run the
72-hour simulation.

To verify the hydrodynamic model, the results were compared to prototype
data collected by WES personnel. The prototype data available included flow
discharge and velocity profiles at several river cross sections, or ranges, during an
average time of 6 hours. Data were available for five to six ranges for each day
during the period of October 2, 1994, to October 10, 1994. Also, the water
surface elevation was measured at Mayport and South Jacksonville, FL, during
the whole period. The spin-up time of the model was approximately 2 days;
therefore, real-time comparison between the model and the prototype was done
for the third day of simulation, which corresponded to October 6,1994 (spring
tide).

Tide fluctuations from the model and prototype water surface elevations are
compared in Figures 5 and 6. A nearly perfect fit of the model and prototype tidal
waves at Mayport is observed. This result is to be expected since the tidal
boundary condition was derived from the tidal record at Mayport. At
Jacksonville, the tidal signal of the model has a phase lag of about half an hour
when compared to the prototype; the tidal range is practically the same. In
general, the tidal wave shape of the model is a satisfactory match to the prototype
for the purposes of this study. The differences between model and prototype can
be attributed to one of several causes. First, the river geometry is necessarily
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simplified for numerical simulation. In particular, the expansive tidal marshes on
the north side of the river near its mouth were schematized for the purposes of this
simulation. These marshes have a marked if unknown effect on the timing of the
tide as it propagates through the system. Second, the tributary flows supplied to
the model were historic mean flows, and not synoptic time-varying flows for the
period of simulation. Because several of these tributaries no longer support active
gauging stations, synoptic data were not available for the period of simulation.
Last, the effects of winds were not explicitly accounted for in the simulation
model. Wind effects were omitted because the objective of this study was to
compare the impacts of the proposed plans on tidal circulation in the Mill Cove
area. Winds induce varying effects that depend upon the speed, duration, and
direction of the wind field. Choosing one wind field for simulation could
possibly obscure the effects of the Mill Cove plans on the tidal circulation
because of wind effects that are actually transient in nature.

During spring tide, prototype data were collected at ranges 24, 25, 26, 27, 28,
and 29 (Figure 3). Flow discharges from the model and prototype are compared
in Figures 7-12. The shapes of the flow discharge curves at all ranges for
prototype and model are close, but in general the prototype has a half-hour delay
in phase. For ranges 25-29 there is a shift of the prototype curves to the flood
side. This situation is explained by the action of the 24~ to 40-km/hr (15- to
25-mph) northeast winds that were present during the day of the survey and
increased the flood discharge. “Winds have considerable effects on the water
level and velocity currents. Strong northerly winds raise the water level about
2.0 ft at Jacksonville; strong winds from the opposite direction lower the water
level about 1 ft and may increase or decrease flood and ebb current velocities”
(Brogdon 1979). At range 24 the prototype discharge curve shifted to the ebb
side, showing higher ebb discharge than the model. The cause for this difference
in flow could be that the ebb currents at Drummond Creek Range have the
resistance of the northeast winds and find it easier to deviate through Mill Cove.
To confirm the statement about the effects of the winds over the currents, peak
discharges in other parts of the channel (Figure 3) were compared (Table 3).

At range 5 the maximum ebb discharge from the prototype was very close to
the model value, even when the prototype tidal range was smaller than the model
tidal range. Winds during that day were in favor of the ebb currents. The
prototype ebb discharge at range 16 was very low compared with the model
discharge. At the time of the survey, the tidal range was smaller in the prototype
than in the model. On this day the winds were in the opposite direction to the
ebb current. The day when data for range 41 were collected had negligible winds
and as a result the discharges were as expected; flood discharge in the prototype
was slightly smaller than in the model due to the smaller tidal range of the

prototype.

From the previous description it can be concluded that the wind is an
important variable in the complex St. Johns River estuary system. Although the
wind forces are not simulated by this model, the water flow discharges through
the system were acceptable considering that the tests the model is required to
make are fairly insensitive to model adjustment. As expected, the velocities in
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Table 3
Model Verification of Maximum Discharges
Maximum Maximum
Date and Prototype Model
Prototype Discharge | Model Discharge Winds
Time cu m/sec Time cu m/sec Percent | km/hr
Range | hr (cfs) hr | (cfs) Error (mph)
5 10/2/94 10:220 | 6,512 67.7 6,529 0.26 SW 16-32
(229,990) (230,600) (10-20)
(ebb) (ebb)
16 10/4/94 1406 | 4,535 68.0 5,808 28.06 NE 32-48
(160,160} (205,100) (20-30) AM
(ebb) (ebb) 24-32
(15-20) PM
41 10/9/94 13:45 | 4,032 63.0 4,276 6.03 -| Caim
(142,406) (151,000) morming
(flood) (flood) Light SE
afternoon

the model were consistent with a depth-averaged value of the velocities measured
in the prototype.

Sediment Transport Model Data

The data available for the development of the unverified sediment model were
a maintenance dredging map dated November 12, 1993, and historical core boring
logs of the navigation channel from 1960 to 1993. Both sources of information
were provided by the Jacksonville District. Erosion and shoaling problems were
identified by District personnel. Based on the information provided, the predomi-
nant bed material in the navigation channel was determined to be fine- to
medium-grained sand.

Sediment Transport Model Verification

" The state of the art in cohesive sediment transport modeling is such that
extensive field data are required to calibrate such a model and to define the
sediment properties. The data collection effort required to perform a cohesive
sediment modeling study was beyond the scope of this project. Noncohesive
sediment modeling was used to determine whether the proposed Mill Cove plans
would induce significantly different sediment transport behaviors than are
observed under the existing conditions.

Two runs were made for the existing condition and each of the first four plans.
One run considered sand grains sized 0.08 mm (2.625 x 10 ft) in diameter (fine-
grained sand) while the other run considered sand grains sized 0.20 mm (6.562 x
10™) ft in diameter (medium-grained sand).

Chapter 2 Technical Approach



10

The initial bed condition for the sediment study was a sand bed of uniform
thickness over the mesh. This is not a realistic condition because, in reality, the
sand bed varies in thickness over the estuary. However, this initial condition
permitted the modeler to observe the potential rates of erosion that would occur
given an infinite supply of sand from the bed. This is useful when comparing the
potential for erosion between base and plan conditions. The result is that erosion
will be overestimated when compared with the prototype, which has a limited
supply of sediment from the bed; but the comparisons between base and plan will
be consistent.

The model was calibrated by adjusting the roughness and fall velocity of the
sand particles on a regional basis. The modeled sediment erosion and deposition
patterns were found to be qualitatively similar to those observed in the prototype.
The roughness of the sand grains is described by the effective Manning
coefficient. The roughness values used were between 0.001 in the navigation
channel and 0.027 on the banks of the river. The fall velocity for the fine-grained
sand was 0.0025 m/sec (0.0082 ft/sec) and 0.020 m/sec (0.066 ft/sec) for the
medium-grained sand.

The sediment simulation period was 15 days and 15 hours. The flow field
used to drive the sediment transport model was generated by RMA2-WES. A
limitation of the SED2D-WES model is that the sediment computations are
effectively decoupled from the hydrodynamic computations. This limitation can
be overcome by periodically updating the hydrodynamic flow field. In other
words, any changes in the flow field that would occur due to erosion or deposition
of the channel during the SED2D-WES run require the RMA2-WES model to be
run again with the new channel bathymetry applied. It was determined through
model testing that the rates of erosion and deposition in the St. Johns River would
permit the sediment transport model to be run for approximately 3 days before
updating the RMA2-WES flow field. The sequence of simulation for running the
sediment transport model was as follows:

a. Step 1. The hydrodynamic model, RMA2-WES, was run for 72 hours to
develop a realistic flow field. The boundary conditions applied were the
same as those described for the verification of the hydrodynamic model.
The bathymetry for this model run was the original bathymetry developed
from the navigation charts.

b. Step 2. The flow field resulting from Step 1 was used as an initial
condition for an RMA2-WES simulation with the 19-year mean tidal
elevation signal applied at the ocean boundary. This tidal signal was
obtained from the Tide Tables for 1982 (U.S. Coast and Geodetic Survey
1982). The tidal signal was repeated for the duration of the simulation
period, which was 3 tidal days or 75 hours. The bathymetry for this model
run was the original bathymetry. .

¢. Step 3. The sediment transport model, SED2D-WES, was run using the
flow field developed in the preceding RMA2-WES run. The simulation
period for this SED2D-WES run was 3 tidal days or 75 hours. The bed of
the estuary was allowed to erode and deposit sediment as dictated by the
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model equations. At the end of the run, a new bathymetry file was saved
reflecting the bed changes that occurred during 3 days of sediment
simulation.

. Step 4. The flow field generated by the previous RMA2-WES run was used
as an initial condition for a new RMA2-WES simulation using the 19-year
mean tidal elevation signal at the ocean boundary and the bathymetry
derived from the previous SED2D-WES run. The duration of the new
RMAZ2-WES simulation was 3 tidal days.

. Step 5. Steps 3 and 4 were repeated until a total of 15 tidal days of
sediment transport simulation were accomplished. The final product of this
simulation is a map of net bed change over the 15-day simulation period.

Chapter 2 Technical Approach
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3 Model Resulis

Base Versus Plan Hydrodynamic Model Results

The numerical meshes used for the base and proposed plans in the Mill Cove
area are illustrated in Figures 13-18. The plans to be tested were provided by the
Jacksonville District. The purpose of these plans is improving tidal flushing in
Mill Cove to maintain water quality and to prevent excessive sedimentation
mainly in the southern part of the cove. In Plan 1 the west opening between
Quarantine Island and an island used as spoil area was closed. Plan 2 is the same
as 1 with the addition of another closure between Quarantine Island and William
Island. Plan 3 is the same as Plan 2 with the addition of a third closure between
the east end of Quarantine Island and Marion Island. Plan 4 is a modification of
Plan 3 with a change in the shape of the second closure. The bathymetry of the
open water areas remained unchanged under each of the first four plans.

Plan 5 is another modification to Plan 3 that includes the addition of a
circulation channel, the shallowing of some areas, and the extension of the second
closure by reaching Newcastle Island. The circulation channel is located mainly
at the south of the bay and extends from the northeast opening to the west
opening of the bay. At the western opening, the channel is 3.6 m (12 ft) deep,
198 m (650 ft) wide, and 1,158 m (3,800 ft) long. At the northeast opening, the
channel is 3.6 m (12 ft) deep, 396 m (1,300 ft) wide, and 1,036 m (3,400 ft) long.
The rest of the circulation channel is 1.8 m (6 ft) deep and 24 m (80 ft) wide.
Shallowing of the north part of the bay was done by gradually decreasing depth
between the circulation channel and the northern coastline (Figure 19). In
general, the depths at the north are less than 0.9 m (3 ft).

RMA-WES permits the user to specify a list of nodes where summaries of the
output will be printed. The output summary is a time-history of the Cartesian
velocity components and the water surface elevation over the period of simula-
tion. In addition, continuity check lines can be specified at various cross sections
to calculate the discharge across the check line at each time-step of simulation.
Eleven time-history nodes were located in the Mill Cove area (Figure 20) to
measure differences in the computed velocities and the computed water surface
elevations caused by the testing of the five plans. For convenience, station
numbers will be discussed instead of node numbers (Table 4). Continuity check
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Table 4
Assignment of Station Number to the Corresponding Numerical
Mesh Node

- Node Number of Base and
Station No. Plans 1,2.3, and 4 Node Number for Plan 5§
1 16964 18012
2 16993 18162
3 15984 17743
4 16000 17012
16699 (circulation channel)
5 15315 17245
6 15327 16681
7 14205 16969
8 13799 12419
9 12390 12013
10 12148 11851
11843 (circulation channel)
11 | 11430 11249
12! 20969 20831
13! 16045 15309
14! 10663 10231

! Stations 12-14 are in the navigation channel and will be discussed in the section, “Effects of the Mill

Cove Plans on the Navigation Channel.”

lines were placed at two openings of Mill Cove into the main river to detect
changes in the volume of water flowing through the cross-section.

The depth at each station during existing conditions and the magnitude of total
velocity for every model run are plotted in Figures 21-45. Water surface
elevation at stations 2,7, and 9 is also included to detect any considerable change
in the cove caused by the proposed plans. Plots of the flow discharge at ranges 24
and 35+36, which are located in the two Mill Cove openings, are presented in
Figures 46 and 47. These discharges will be used to calculate the tidal flushing in
the cove. Velocity vector plots of the maximum ebb and flood discharges show
water flow patterns during existing conditions and proposed plans. These vector
plots are displayed in Figures 48-59.

Plan 1

The maximum magnitude of velocities at the eastern and central parts of the
Mill Cove area increased between 6 percent and 18 percent. Velocities increased
at the north of the central islands (station 7) by 8 percent, but were unchanged at
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the south (station 8). The northwest part of the area (station 9) kept the same
velocity magnitude during flood, but it decreased by 40 percent during ebb flow.
At the southwest part of the area (station 10) the velocity magnitude increased

10 percent during flood and decreased 8 percent during the ebb. The maximum
velocity magnitude decreased by 7 percent during flood at the western opening
(station 11), but increased 19 percent during ebb tide. Also, the maximum
magnitude of flood velocity was delayed by 1 hour and the maximum for ebb was
delayed by 2.5 hr. There was an average reduction in the tidal range of 0.036 m
(0.12 ft) (3.3 percent) from 1.10 m (3.62 ft) at the center of the Mill Cove area.

A 12 percent increase of the maximum flood discharge and a 9 percent
increase of the maximum ebb discharge was observed at range 24. Ranges 35+36
had a 13 percent decrease in the maximum flood discharge and a 32 percent
decrease in the maximum ebb discharge. These reductions are caused by the
closure of the opening where Range 35 was located. Range 35 is not active in any
of the plans.

Plan 2

The maximum velocities in the eastern part of the cove were increased, but
were slightly smaller than for Plan 1. At station 4 the maximum ebb velocity was
increased by 4 percent compared to 16 percent from Plan 1. From stations 5 and 6
a slight increase in the maximum ebb velocity of 3 percent and approximately a
13 percent decrease during flood were observed. At the south of the second
closure (station 8) a 92 percent increase in the maximum flood velocity and a
61 percent increase for ebb occurred. Near the last closure (station 7), maximum
velocity magnitudes dropped by 54 percent on average. The maximum velocity
magnitudes at station 9 were greatly affected. A 37 percent reduction in velocity
magnitude was observed during flood and 54 percent during ebb. At the
southwestern part of the area (station 10) the maximum velocity during flood was
reduced by 5 percent and during ebb by 18 percent. Station 11 had a 23 percent
reduction in maximum flood velocity and 10 percent increase in maximum ebb
velocity. The tide range on the eastern side of the second closure (station 7) was
increased by 0.061 m (0.2 ft) (5.4 percent) and decreased 0.076 m (0.25 ft)

(7.0 percent) to the west (station 9).

At range 24 the maximum flood discharge increased 11 percent and the
maximum ebb increased 8 percent; here the values were 1 percent lower than in
Plan 1. A 29 percent decrease in the maximum flood discharge was observed at
ranges 36+35; this change was bigger than the change observed under Plan 1. A
decrease of 34 percent of the maximum ebb discharge occurred at the same
location.

Plan 3

The maximum magnitude of velocities at the eastern opening of the Mill Cove
area was increased by one-half of the increase observed under Plan 1. At the east
the maximum magnitude of velocities increased approximately 23 percent. The

Chapter 3 Model Results



velocities to the west of the third closure (station 3) dropped almost to zero; at the
south of the same closure the velocities were increased by 44 percent on average.
A reduction of 10 to 20 percent of the maximum velocities was experienced in the
central area (stations 5 and 6). Velocities to the south of the second closure were
significantly increased, but not as much as for Plan 2. At the east of the same
closure the reduction in velocities was slightly larger than the one created by

Plan 2. The western area of Mill Cove did not suffer any considerable change in
the magnitude of velocities. The tidal range increased 2 percent at station 7. A
bigger effect occurred at station 9 where the tidal range was decreased by 0.082 m
(0.27 ft) (7.7 percent).

At range 24 the maximum flood discharge was increased by 5 percent and the
ebb by 4 percent. A decrease in the discharge of 31 percent was observed during
maximum flood and of 26 percent during maximum ebb at ranges 36+35.

Plan 4

The maximum velocities follow closely the values obtained from Plan 3. The
exception to this occurs at station 7, where the velocities are higher than Plans 2
and 3, but are far below the existing conditions and Plan 1. At station 9 velocities
were lower than any other plan. In general the maximum velocities at the
southwestern part of Mill Cove were slightly lower than Plan 3 during ebb tide.
No considerable change in water head occurred between Plan 3 and Plan 4.

The water discharge at range 24 was less than 2 percent smaller than Plan 3.
At range 36 there was a 2 percent decrease in the maximum flood discharge and
an 11 percent decrease in the ebb when compared to Plan 3.

Plan 5

The numerical mesh for Plan 5 was renumbered due to considerable
modifications. Nodes of the numerical mesh at the same location of the nodes
selected for other plans were examined to compare the results of Plan 5 to the
previously tested plans. Two extra nodes in the circulation channel were selected
because the original nodes were near but outside the circulation channel. The new
node number corresponding to each station is presented in Table 4.

At station 1 the maximum flood velocity was decreased to 0.378 m/sec
(1.24 ft/sec), a 24.4 percent decrease. The decrease in maximum ebb velocity was
12.6 percent for a new value of 0.381 m/sec (1.25 fi/sec). This reduction in
velocities was due to the widening and deepening of the northeast opening. The
rest of the plans showed increased velocities.

The increase in maximum velocities at station 2 for Plan 5 was approximately
two times greater than for any other plan. The maximum flood velocity was
increased by 71.2 percent from the original velocity of 0.049 m/sec (0.16 ft/sec)
to the new velocity of 0.082 m/sec (0.27 ft/sec). During ebb, the maximum
velocity was increased to 0.085 m/sec (0.28 ft/sec), a 43.9 percent change.
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At station 3 the velocities were less than 0.03 m/sec (0.1 ft/sec), considered
negligible as in Plans 3 and 4. This result satisfies the objective of having lower
velocities at the north of the Mill Cove area.

Out of all of the plans, Plan 5 resulted in the highest velocity at station 4. The
new maximum flood velocity was 0.408 m/sec (1.34 fi/sec), a 55.8 percent
increase. The maximum ebb velocity was increased by 42.6 percent from
0.308 m/sec (1.01 ft/sec) to 0.436 m/sec (1.43 ft/sec). Maximum velocities in the
circulation channel near station 4 were even higher, 0.439 m/sec (1.44 ft/sec) and

-0.482 m/sec (1.58 ft/sec) for flood and ebb, respectively.

In Plan 5 the maximum ebb velocity was increased at station 6 more than the
other plans, followed closely by Plan 1; Plan 5 increased the maximum velocity to
0.232 m/sec (0.76 ft/sec), a 20.5 percent change. During flood, the maximum
velocity was decreased by 2.3 percent from 0.241 m/sec (0.79 ft/sec), falling short
of the performance obtained from Plan 1, an increase in velocity of 8.5 percent.

At stations 5,7, and 9, a reduction in velocities is desirable to increase
sediment deposition and therefore shift most of the water flow to the southern part
of the cove. The maximum velocities at station 5 were reduced by amounts
similar to the ones obtained by Plan 3 and 4. During flood the maximum velocity
was decreased by 18.2 percent from 0.256 m/sec (0.84 ft/sec), and the maximum
ebb velocity was decreased to 0.195 m/sec (0.64 ft/sec), a 10.6 percent change.
The velocities at station 7 were reduced more than in any other plan. The
maximum velocities during existing conditions were 0.213 m/sec (0.70 ft/sec) and
0.186 m/sec (0.61 ft/sec) for flood and ebb, respectively. The reduction in
maximum flood velocity using Plan 5 was 71.5 percent, and the reduction in
maximum ebb velocity was 75.8 percent. At station 9 the maximum velocities
were considerably reduced by Plan 5, although Plans 2, 3, and 4 had a greater
reduction. The reductions were 34.4 percent from 0.155 m/sec (0.51 ft/sec) to
0.100 m/sec (0.33 ft/sec) and 46.6 percent from 0.210 m/sec (0.69 ft/sec) to
0.113 m/sec (0.37 ft/sec) for flood and ebb, respectively.

Station 8 had by far the highest maximum velocities when using Plan 5. The
maximum flood velocity was increased by 148.1 percent, and the maximum ebb
velocity was increased by 122.3 percent. Original maximum velocities for flood
and ebb were 0.198 m/sec (0.65 ft/sec) and 0.174 m/sec (0.57 ft/sec), respectively.

During flood the maximum velocity at station 10 was increased by 6.9 percent
for a value of 0.137 m/sec (0.45 ft/sec). The maximum ebb velocity was
increased to 0.146 m/sec (0.48 ft/sec), a 13.6 percent change. This increase was
slightly higher during flood in Plan 1, which had the same velocity encountered in
the circulation channel of Plan 5, 0.140 m/sec (0.46 ft/sec). With Plan 5, the
maximum ebb velocity was the same at station 10 and in the circulation channel.

At the western opening, where station 11 is located, the maximum flood
velocity was greatly decreased by 39.6 percent to a value of 0.268 m/sec
(0.88 ft/sec); this maximum velocity was the smallest of all the proposed plans.
During ebb the maximum velocity was kept almost at the same magnitude, with
only a slight increase of 3.1 percent to reach a velocity of 0.399 m/sec
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(1.31 ft/sec). Plan 5 also suffered the change in phase experienced by the rest of
the proposed plans; the maximum flood velocity had a delay of 1.5 hours and the
maximum ebb, 2.5 hours when compared to the existing conditions.

The maximum water surface elevation at station 2 was increased from 1.652 m
(5.42 ft) to 1.676 m (5.50 ft), and the minimum water surface elevation was
decreased from 0.366 m (1.20 ft) to 0.338 m (1.11 ft) for a tidal range increase of
4.2 percent.

At station 7 the maximum water surface elevation was increased by
2.6 percent for a value of 1.640 m (5.38 ft), and the minimum water surface
elevation was decreased by 4.3 percent for a value of 0.454 m (1.49 ft).
Therefore, the tidal range was increased by 5.5 percent.

Contrary to the previous stations, the tidal range at station 9 was decreased by
8.9 percent. The maximum water surface elevation was reduced from 1.579 m
(5.18 ft) to 1.545 m (5.07 ft), and the minimum water surface elevation was raised
from 0.500 m (1.64 ft) to 0.561 m (1.84 ft).

With Plan 5, the changes in the tidal range within the cove were slightly
greater than with the rest of the proposed plans. The magnitude of the changes is
still small and does not represent an adverse effect to Mill Cove.

At range 24 the maximum flood discharge was increased 3 percent and the ebb
by 27 percent. A decrease in the discharge of 29 percent was observed during
maximum flood and a decrease of 35 percent was observed during ebb at

ranges 36+35.

Net Water Discharge and Tidal Flushing in Mill Cove

The net water discharge at two additional sections, sections 1 and 2
(Figure 20), for the existing conditions and the proposed plans was calculated
(Table 5). Figures 60 and 61 show graphic representations of the results.

The net water discharge at each section was calculated by means of the
integration of the water discharge values at each time-step through the last tidal
cycle of the simulation, hours 59.5 to 72.0. The net flow through Mill Cove
during this specific period was in the flood direction. All the plans but Plan 1
reduced the net flow of water through the cove in a similar way. Plan 1 showed a
slight increase at Section 1, and about half the decrease achieved by the other
plans at Section 2.

The volume of water used for the tidal flushing calculations was computed as
the tidally averaged water volume in the cove between the northeast and west
openings to the main river. The procedure was to calculate the average water
surface elevation at Mill Cove during the last tidal cycle. This value was applied
as the boundary condition during a steady state run of the model. A new material
type was assigned to the area of interest, allowing the model to calculate the water
volume for each material type.
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Table 5
Net Water Discharge Rate at Sections 1 and 2
Section 1 Section 2
Net Water Discharge Net Water Discharge
Rate, Flood Rate, Flood
Change Change
Plan cu m/sec cfs % cu m/sec cfs %
Base 54.1945 1,915 39.903 1,410
1 555812 1,964 26 335072 1,184 -16.0
2 43.1009 1,523 -20.5 26.036 920 -348
3 43.2424 1,528 -20.2 26.6303 941 -333
4 41.601 1,470 -23.2 274793 971 . -31.1
5 44.2046 1,562 -184 26.0643 921 -34.7

The flushing time was calculated as the number of tidal cycles required to
completely replace the water volume in Mill Cove (Table 6). This was done by the
simple integration of all the water flowing into the cove through ranges 24, 35, and
36 during a tidal cycle. Any flow out was set to zero. Figures 62, 63, and 64 show
graphic representations of the water volume, water flow into Mill Cove during one
tidal cycle, and flushing time, respectively.

Table 6 '
Water Volume, Water Inflow During One Tidal Cycle, and Flushing
Time at Mill Cove
Water Flow into Mill Cove
Volume During One Tidal Cycle
Flushing Time
Plan 10° cum 10° cu #t 10° cum 10° cu ft No. of cycles
BASE 26.4404 9443 30.254 1,080.5 0.92
1 26.4572 9449 21.5012 767.9 1.23
2 25.746 9195 19.866 709.5 1.30
3 25.6368 9156 " | 19.1858 685.2 1.34
4 24.2368 865.6 18.5584 662.8 1.31
5 25.4492 908.9 18.2084 650.3 1.40

All the plans experienced an increase in flushing time. Plan 5 experienced the
largest change, with an increase of 52 percent. The calculated flushing time values
do not guarantee that the volume of water contained within the area of interest is
going to be completely replaced. The water movement through the cove depends on
local flow patterns and can be affected by the existence of stagnation zones.

Note that the tidal signal applied to the model was nonrepeating (a real spring
tide was used) and that the duration of one tidal cycle is 12.42 hours. Therefore, the
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calculated net discharges through Mill Cove and the flushing time do not represent
the long-term mean values and are only a representation of the specific model
conditions.

Effects of the Mill Cove Plans on the Navigation Channel

Plan 5 will improve navigation conditions in the main navigation channel by
reducing the magnitude of crosscurrent velocities at each of the openings of the Mill
Cove area (Figures 22 and 45).

Three stations located in the main river were selected to explore any adverse
effect of the proposed Mill Cove plans on navigation (Figure 65). Plots of the
velocity magnitude and water surface elevation at each station (Flgurcs 66-71) do
not show a considerable change.

Base Versus Plan Sediment Model Results

In this section the results of the runs using fine-grained sand are summarized.
Runs made using medium-grained sand were representative of the same erosion
patterns but on a smaller scale because of the reduced mobility of the larger grained
sediment. Contours of the bed change as a result of the sediment runs are shown in
Figures 72-81. The scope of this study did not include a sediment transport model
for Plan §.

Plan 1

At the eastern opening, erosion was increased from 0.128 to 0.265 m (0.42 ft to
0.87 ft) at the west bank and from 0 to 0.372 m (0 ft to 1.22 ft) at the east bank.
Erosion was a problem in the western opening where erosion increased from 0.036
t0 0.546 m (0.12 ft to 1.79 ft).

Plan 2

The erosion at the western opening was lower than Plan 1, totaling 0.418 m
(1.37 ft). The opening located at the east of the Mill Cove area had erosion of
0.280 m (0.92 ft) in the west bank and 0.213 m (0.7 ft) in the east bank. Up to
0.917 m (3.01 ft) of new erosion took place between William Island and Newcastle
Island.

Plan 3

The erosion was 0.652 m (2.14 ft) in the western opening, higher than the rest of
the plans. Erosion was lower than for Plan 2 between the islands located at the
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center of the area, 0.555 m (1.82 ft). The eastern opening also had lower erosion
than Plan 2, 0.164 m (0.54 ft) at the west bank and 0.107 m (0.35 ft) at the east

bank.

Plan 4

Erosion created with Plan 4 was lower than with the rest of the plans, but not
lower than existing conditions. At the western opening, the erosion was 0.357 m
(1.17 ft). Erosion was 0.143 and 0.067 m (0.47 ft and 0.22 ft) at the west and east
banks of the eastern opening, respectively. Between the central islands the erosion
was 0.347 m (1.14 ft), less than Plans 2 and 3.

Table 7

Reduction in Deposition Rate at the East
Section of Fulton-Dame Point Cutoff Range

Plan Reduction in Deposition
Rate, %

1 4.7

2 76

3 10.2

4 11.6

Fulton-Dame Point
Cutoff Range

There is great
concern about the
excessive sediment
deposition occurring
under existing conditions
in the eastern section of
the Fulton-Dame Point
Cutoff Range. The
deposition rate was
reduced when each of the

proposed plans, 1 through 4, was applied (Table 7). Plan 4 caused the most
significant change with an 11.6 percent reduction in the deposition rate.

Table 8

Increase in Deposition Rate at the Eastern
Half of Drummond Creek Range

Plan

Reduction in Deposition
Rate, %

b JTwW N

Drummond Creek
Range

The partial closure of
Mill Cove’s western
opening to the main river
resulted in a change in
sediment transport
patterns at Drummond
Creck Range. Sediment
material, eroded from the
river banks, increased.
Most of this material

deposited in the navigation channel section located in front of the closure. All of the
proposed plans show this same behavior. The magnitudes of the deposition rate

increases estimated from the model are given in Table 8.

Note that this is an unverified sediment model; therefore, the results have to be
interpreted as a potential for deposition or erosion, not as the exact values.
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4 Conclusions

In general, the maximum velocities obtained from Plan 5 at the south of the Mill
Cove area were higher than any of the other proposed plans. The maximum
velocities at the north were greatly decreased, similar to the results obtained from
Plans 3 and 4.

Plan 5 reduced water current velocities at the openings of the Mill Cove area
more than any other plan. This situation improved navigation conditions in the
main river.

All the plans increased flushing time. Plan 5 experienced the largest change,
with an increase of 52 percent.

When the proposed plans were modeled, the water surface elevation did not
suffer considerable changes within the cove.

The first four plans do not produce a dramatic general improvement in the water
velocities through Mill Cove. However, the plans do offer some localized
improvements and may warrant special consideration to address other needs. There
were local increases in velocity. An increase in the flow velocity was observed at
the south of each of the closures, but the currents were in general weaker between
them. All the plans offer new areas for dredged material disposal, with Plan 4 the
one offering the greatest potential.

Plans 1 through 4 experienced increased sediment erosion at the eastern and
western openings of Mill Cove. Plan 4 had the lowest increase in erosion. All the
plans included the partial closure of Mill Cove’s western opening to the main river.
This closure resulted in sediment erosion of the river banks at Drummond Creek
Range and deposition of this material in the navigation channel. The sediment
deposition rate in the eastern section of the Fulton-Dame Point Cutoff Range was
reduced when each of the proposed plans was applied. Plan 4 caused the most
significant reduction with 11.6 percent.

Three objectives of the Mill Cove study were to increase the water velocities at
the south of the area, decrease the velocities at the north, and reduce the flushing
time in the cove. Although Plan 5, as well as the others, did not reduce the flushing
time in the cove, it is the proposed design that meets the first two objectives most
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consistently. Plan 5 also reduced the strength of the water crosscurrent velocities in
the river navigation channel coming from Mill Cove.
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NEWCASTLE ISLAND

MARION ISLAND

2 MILES

Figure 15. Numerical mesh at Mill Cove, Pian 2 (to convert scale to kilometers, multiply by 1.6)




NEWCASTLE ISLAND

2 MILES

Figure 16. Numerical mesh at Mill Cove, Plan 3 (to convert scale to kilometers, multiply by 1.6)
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Figure 17. Numerical mesh at Mill Cove, Plan 4 (to convert scale to kilometers, multiply by 1.6)
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Figure 19. Depth contour map of Mill Cove, Plan 5 (to convert scale to kilometers, multiply by 1.6)



(91 £q Aidninw ‘sis}aWO0)1Y 0} B]EIS HBAUOD 0}) BaJE BAOD JiiN B} Ul SUOHO8s pue ‘sabues ‘(sepou Alols\y-awiy) suoiels Jo uoedso "og aunbi4

I I N a
S3M2Z | 0 ]
% NOLLVLS
2 NOILY1S
2 NOILI3S
9 NOILVLS
17 171 8 NOILVIS
1/ Y ‘ I NOILD3S
WE\L ] 0i NOILV1S 9 2ONVY
%2 39NV
£ NOILVLS
I NOILYLS
S NOILVIS
L NOILV1S
6 NOILVLS

—N- S JONVY




(8v0€0
Aq Aidiinw ‘puodes Jed sialswW 0} SBIID0|OA UBAUOD O}) | LUONE]S e (8seq) uonipuoo Bunsixa 10j Lidap pue epnjiubew A100j8A * 1.2 8inbig

Hid3a
HALYM —e—
ALIDOTIA —— (u) 3L 1300w
[e)] [o)] o [02] [o2) [« [e)] 2] o [e23 (4]
N L a9 2og N g O g O g5 A g @ 5 N g S 5 O g5 ©
o (8] © [é)] o] (4] ~ [3,] o] (3] (3] [3,] & [4,] w (3] N (4] - [é,] (=] [3,]
54 T T T T T T T T T T T T T T T T T T G-
1 ] 1 ] t ] 1 ] 1 I 1 1 1 I i i
1 1 1 ] i ] ] 1 i 1 3 ] 1 i I
1 i t 1 i ] 1 i 1 ] t 3 i i 1
| I 0 | ) 1 1 | i 1 | i 1 1
1 1 i 1 ! 1 I ] 1 ' i 1
' 1 1 i+ i I t 1 ' i i
] | R R . o I WU Y (U U | W S O T AP O Y SO PR R SO N
ve t ) [ 1 t ) 1 ) [ I
i i ] ] 1 i | i i
! | ) | 1 1 ' 1 1
1 1 1 ! ' 1 1 | ]
| 1 | I ' l 1 l '
1 1 1 1 I 1 ' ] -
t ] ¥ I I i I 3 . m
A B R e i e il B B e e T e e e Rt Rt eliadhell it ¢ | 6°0- %
I ' I 1 I 1 1 1 o
1 1 I ] I 1 _ | 1 1
1 i 1 i 1 ! i 1 1 I A
1 1 ] 1 1 t i ¥ 1 1 H
1 ! ] ] ] t 1 1 1 1 o
] ot ' I ' I 1 i ] t o
I 1 1 I 1 | ] 1 1 I —
G@N 1 ' 1 1 ( 1 i 1 | t Y “M
ﬂ ' ! | | 1 [ 1 [ 1 1 —_
i 1 1 1 1 ] 1 i i 1
= 1 1 1 1 1 I ] ' 1 i m
X ' 1 | | ' 1 ) 1 | ' | ' L
- ! | 1 i I ' t I i [ 1 1 p—1
m t 1 i 1 1 I I I ¥ 1 ] ] . —H
VXA F--r TS AT T [l e Bt & i Sty Tt bl T i Tttt el r--r--1--160 o
' 1 1 1 | t | ' 1 | 1 1 le)
| 1 1 1 i I t 1 1 1 | | ) o
i 1 | ] t I I H 1 1 ] ] ] +
' 1 1 t ! i 1 | | | i i 1 ' -
1 | i I H i 1 ] 1 ] ] 1 1
| 1 ' | i ' 1 1 1 | | i
J S Y QU | U T TS R RO DRI v GRNY T L J T L |
8z | t [ ! 1 | 1 ) 1 | I [ I
I 1 | 1 1 ) l ' ' l 1 i 1
1 ! 1 1 1 1 ] ' t 1 i 1
1 1 | f l | ' t ' ' 1
1 | I 1 P | t | 0 1 |
' 1 i | I 1 t 1 1 1 | i
| | I ! I 1 i [ l i I t R
6¢C [ Sty Bl Bl it il il st Sl el T S T - g’y .
l ' 1 | i i 1 1 1 l ! ! ' ' "
' [ l i l 1 1 ! [ 1 1 | i [
1 1 ! 1 l ) 1 ' ' i t i i i 1 l [
1 1 | 1 | | ) 1 | 1 1 | l 1 1 l ' l ' 1
[ ' 1 ' | I ) 1 1 ! ' ) | l ' ! 1 1 i |
I ! 1 I 1 I 1 ' 1 ' ' ' ) ' | i 1 ' I t
om Il | Il L 1 i L 1 L Il L 1 | 1 1 ] L L 1 1 N




(8¥0€°0 Aq Aldninw ‘puodss 1ad sis}dwW 0} SBIIID0IBA 1IBAUCD 0}) | UolelS Je spnjiubew ANoojeA "2z 81nbig

(1) 3wl 13aon
()] [2]

[+ )] «
h [0} h [o2]
(3] [+)] (3] (3]

S NNH —@—
NN ——
€ NNY —¥—
< NNY —%—
I NAH —
4Svg —e—

U SO S SO U

[+a0014l (say) AL100713A [-g3]




(8¥0€°0
Aq Aidynw ‘puodes Jad sisjaiu 0} S81I00[SA LSAUOD O}) g UORE]S Je uohipuod (aseq) Bunsixe 1o} yidep pue epnyiubew Auoojep €2 einbi4

Hld3a
ALY —e—
ALIDOT1aA —8— (4y) 3WIL T13a0W
2 o 8 5 2 6 8 4 8 o R o 8 5,8 o 2 o 8 o8
S @ o & v 9 e 8 o & b R a8 a8 o 2 & 8 w
T T T T T T T T T T T T NO-
i 1 ] i i I 1 i 1 I 1 i
1 ] 1 i ] 1 1 1 1 1 ]
1 ¥ 1 i 3 1 ! ] 1 1 1
1 i i | } ] 1 1 i ] ]
] ] 1 1 1 ] i 1 t 1 1
Lo L _a o [T SO R BUR S RO SRR I -1--tern-
i " i i R i slo
] 1 1 1 1 1 i 1 1
) | 1 1 1 1 1 t
| 1 1 i ' ] 1 ]
' 1 ' ) t 1 ' I
t ] | 1 ] | ) i
|||||||||||| T - - - = T Indhatind tadihaiind T
1 1 13
1 I ¥
1 I 1
1 1 1
] 1 I
] 1 1

) ‘HLd3a

[+ao01:4] (sm) ALIDOT3A [-gg3]

U




(8¥0€°0 Aq Aidinw ‘puodes 1ad siejow 0} SOI100[OA LIBAUOD 0}) g UOHe]s Je apnjjubeuws A100j8A ‘v 8inbiy

(14) IwiL 1agonw
[e2] [
D 5 O

SHL
§0L

G'69
§'89
G'L9

Sv9

[s)]
(3]

0L

Q N SR

S NNy —8—
YNNY —6—
€ NN —%—
¢NMNY —¥—
NN ——
3asvd —e—

[+@0013] (spy) AL100713A [-gg3]

'
1
1
1
1
!
|
1
1
I
i
i
1
H
1
1
|
-t
I
1
1
1
i
1
1
1
i




(8¥0¢°0 Aq Aldninw ‘puodass Jad sidlow 0} SBIIIO0IOA LBALOID 0}) Z UOHEIS Je UOJeAd|e a0e}ns Jajep G2 ainbi4

(14) awIL 13aoW
[2)] o

~ ~ ()] [)] N [o2] [ o (o)) [023 o
N N Py 0 g ©® 5 N g O g O g » W g N g =2 e O o ©
N [é - [3,] o (8] [7e] [0 ] (s [4,] ~ (3] o] [$,] (3] [3.] w 3] w [¢)] N [4;] - [6,) (=] [4,]
N L . L . . . . . L . . . ) : . L . . . . . . .
' 1 | ! ) ) ) | ) 1 | 1 ] ] ] ] [ 1 1 I | ] ] | 0
i ! 1 ' ) ! ) 1 | | 1 i ) | ! l ) 1 1 ) 1 1 | !
1 1 1 ) ) 1 I 1 ) ! ) 1 ! ' 1 i ! ! 1 1 1 1 l l
1 ! ! 1 ) ! ! 1 I | I 1 ' 1 1 i 1 l 1 | 1 i ! |
i 3 17 ] i i H 1 I i 1] 1 t ] 1 i 1 ] 3 i i 1 1 ]
i i 1 I 1 1 | ! i ) 1 l 1 ) ) | ! | | 1 i ' 1 1
| ' i ) | ! 1 ) i 1 1 ! 1 ) I ! ! 1 1 1 ' | ! i
! 1 l 1 1 i i ' 1 ! 1 ' 1 ' ' ! i | ' ) | ! ! i
' ! i ) ! 1 ! 1 I ) 1 ' 1 ' 1 1 ! | 1 ) | | ! 1
|||1||I_I.l|_|||4|||_|||ﬂ]|l_||lw..I.II_|||—.I||J_.l|.I_I.ll;—.|||_|l|~||||_|||_I|lJ|Il—lll#lll_lll.ﬂXll.lllﬁl‘llF
1 ) ! ) ! 1 i ! i 1 i ) 1 i ! i 1 1
1 ' | l ! ! 1 1 1 ! ) i ) | | 1 l 1
1 i 1 } ) i 1 1 ) 1 1 | ' 1 ) ) 1 l i
1 I 1 ] 1 t ] ] 1 1 1 ] 3 1 1 t 1 ] ]
3 i ¥ 1 1 ' 1 t 1 ] i I t ' i 1 ] 1
1] ' 1 1 1 1 ' 1 3 3 I 1 t I 1 3 i 1
| | 1 l ) ) 1 | | ! 1 | 1 1 I 1 l
i i ] 1 i ] 1 ] I i 1 1 1 1 1 L i M
|||||| 1o N e e e O S S e e .
I 1 1 ] ] ¥ 1 1 i ] I 1 ¥ i 1 .l—
1 1 ] ] 1 I t 1 i ] 1 i ] I 1 1 a
) ) 1 ! | ) | I 1 1 ! ! 1 ) i i o
i 1 1 ¥ 1 ¥ I 1 ] ! 1 1 1 ¥ i 1
1 1 1 I 1 ] 1 1 i 1 1 1 i ] t 1 1 m
1 1 1 I ] 1] 1 1 1 1 1 ] 1 1 ] 1 ! H
1 1 ] 1 | I i 1 ] 1 ] ] 1 1 1 1 1 ul
° 1 ' ! 1 ! i ) I I l l 1 ! 1 | I ! !
mz:m 1 b ] 1 t 1 ] 1 1 i ¥ 1 1 1 1 1 1 m w
¥ NN —¥— Co T T [ e S A v m
m
1 1 l 1 1 1 | i ! 1 i ' | ) | 1 | ' '
£ NNY —H— | 1 ) 1 i | 1 | | 1 1 ] | 1 ' | ) [ i i m
1 1 l 1 ! 1 i 1 ) 1 1 ) I t 1 i ) 1 ! '
NN —%— 1 I 1 1 1 1 1 1 ) 1 1 1 ' ' ) ) ) ) 1 1 >
| 1 t | | | ) | ' 1 | t 1 1 | P ' | | =
I NOY ~-8— [ | 1 ) 1 [ ' [ 1 ' t [ ) 1 1 i ' 1 1 [ o]
! | | 1 l ! i 1 ) 1 ' ! ! 1 1 i | | ) ! 2z
35vg —e— [ R B S, N S R JE Lo d Loodo oot ) S P Y SR N S IR RO Ly =
) ' i ) l ] ] ] ) : ! ] i : i | i ] ] i 2
l | t ' 1 1 ) ! l | ) | ! 1 1 1 i i l 1
1 | ) 1 1 | 1 I 1 i 1 | ot I 1 1 I 1 1 !
1 ] 1 1 ] ! ] 1 1 b 1 1] ] ] t 1 ' I t | |
1 ] 1 I ] 1 | 1 ! ' ] I 1 i 1 1 ] 3 I 1 ]
1 ! ] ] 1 ] 1 I i ' 1 ] ] 3 I ¥ I i 1 1 1
1 I 1 i ] 1 i 1 1 I ] I ' + 1 i i i ! 1
1 | | | 1 ) ! 1 ! | ) 1 1 I 1 ! ) ) ! l
1 1 ] 1 ] i ! 1 1 ] 1 1 ] ] I 3 3 ] i [
i iy B e B e s I It B e B e i r B el | (i I G
1 1 1 1 i ] 1 ! i ] 1 I i ¥ 3 i ¥ 3 1 i ]
] 1 1 1 ] 1 1 ] 1 1 1 ' 1 ] 1 1 1 1 ' ] 1
| ! | ! ) | | ) i i 1 ! 1 ! | 1 1 ! i 1
1 i | ! | 1 l ! i l ' ) 1 ) I i 1 1 1 |
1 1 i 1 ) 1 | 1 1 ! | 1 I ) | I ! | 1 1 1 '
) ! 1 1 I 1 1 ! i ! 1 1 i ! I 1 1 ' | I 1 1 I !
) 1 l ! | ) 1 ) l i 1 ) ) ! i ! i l ' | i l i |
3 1 1 ] 1 H ] ] 1 t 1 1 1 I ! ] i 1 1 1 ) ] 1 i
J 1 ] L 1 1 L 1 L i ] ] L 1 Il ] ] ] 1 1] L L L 1

{




(sv0€°0
Aq Aidiinw ‘puooas Jad sisjaiu 0} SOINID0IOA LBAUOS 0}) € UONEIS Je (aseq) uoitpuod Bupsixae 104 yidep pue spnjiubew AjoojeA ‘9g 8inbiy

Hld3d
HILYM —e—

ALIDOISA—B— (14) awIL 130w

() ‘Hid3a
[+a0014] (spy) AL10013A [Fgg3]

b - e e -




(8¥0€°0 Aq Aidninw ‘puooss Jed sialow O} SBINVO|BA 1IBALOD O}) § UOHE]S e apnjubew Rooep /g ainbi4

(+u) 3WIL 1300

G09

09

§'6S

S NNY —8—
¥ NN —©—
€ NN —x¢—
¢ NNY —¥—
I NNY — 88—
qSvd ——

[+ao014] (spy) ALIDOT13A [-gg3]




(8¥0€°0
Aqg Aldiyinw ‘puodss Jad sielew 0} SBIID0[BA UBAUOD 0}) { UOlie]s Je (8seq) uonpuod Bunsixe 1oy yidep pue epnyubew AloojA ‘g2 8inbig

HLd3d
YILVM ——
ALIOOTIN —— (4y) 3WLL 300N
Y L8 8 08 68 08 08 22 08 28 o248 , 8
N o ¥ o 3 o 8 a8 o % v 8 a0 2 a 86 8 a2 & 8 o
T T T T T T T T T T 'l
| 1 | 1 ) ) ! 1 ) '
i 1 1 1 ! | ' 1 ) 1
! 1 ] i t ] ] i ) i
[ R Y U [PV R Lottt g,
! 1 | | 1 1 1 1
[ I | l 1 1 1
| | 1 ' 1 ! 1
1 1 1 1 1 i 1
e e T Tt r--r=-=1--+4 80"
i 1 1
1 t 1
I ! i
I ] 1

() ‘Hldaa
[+aood] {sas) ALIDO13A [Fagal

e ==

I
1
1
S
t
]




(8¥0€°0 Aq Aldninw ‘puodss Jad sielaw 0} S8NI0ISA LIBAUOD 0}) ¢ uonels Je epnjubew A0jBA ‘62 ainbi4

{(44) 3wiL 13aow

Non Y P a P g 2O g N g O g5 O 4 o ¥ o N o =2 o O g ©
N (4] - [&)] o (4] © (4] [»2] 3] ~ [3,] (o] [4,] n (4] BN (4] w [&,] N L4 - (4] [=] (5]
1 1 i ¥ ] ] 1 T I 13 ¥ 1 1 1 ¥ 1 1 1 1 U T 1 ¥ i Nl
1 1 t i 1 ) 1 I ' 1 | i 1 i ! 1 1 1 i ] 1 1 ! 1
1 ' 1 1 1 1 ! i 1 1 t 1 | ' 1 1 | I ) I ) 1 1 !
' 1 1 1 l I 1 1 1 ! 1 l t I 1 ! I 1 ! l I 1 ! 1
| | 1 l l 1 ! 1 1 ' 1 1 ' 1 1 ' I 1 I ) | 1 l l
1 1 ; 1 ! 1 | i ) t 1 ! 1 1 1 1 1 1 1 ' 1 1 ! l
| ' i 1 H ] rhy r I i ] ! ] ] ] 1 i ! 1 i 1 | i 1
1 t 1 i i - v w A v, ] i t i i i ] ] 1 1 1 i .
iy Sl Ll r r T TTTAT AT TS --r--1--1--+4 G-
7 1 1 l 1 1 l I l | 1 ) 1
1 1 1 1 ) 1 ) 1 1 ! 1
1 ! 1 1 I 1 1 1 ! 1 |
! | 1 ! 1 i ! l ! 1 1
i ] ¥ i 1 1 1 ] I 1 i
1 1 I ¥ i ] 1 ¥ 1 1 1
] 1 1 i 1 I 1 i 1 ] 1
IA3INNYHD T S B e et bl s e i it Bttty S R
1 1
S NNY —9— o S R A &
1 ] 1 ' 1 1 1 1 ] a
1 i i 1 i ] ' i I
S NNY —8— ' 1 1 | t ] I | 1 rn.m
i | 1 1 t ' 1 1 t A
l 1 1 1 ] t 1 1 1
PNANY 6~ | |- - - o p o e oo s e Rl R - -—r--t--4--1-~--4 G0 H
[ ] 1 ' 1 [o]
| 1 | I | O
€ NNYH —¢— ! 1 ) i ) =
1 1 1 ! 1 M
! 1 1 ) 1 Py
Z NNY —%— 1 ' 1 | ' &
| I i | ] )
e } ] il 3 ° S
I NOY —— 1 I 1 | | =
1 1 i ) [ [y
i 1 1 ] 3 1 o
ISve —e— 1 1 1 ) ) m
1 1 1 ' l
l ) o 1 1 | 3
I l 1 1 I
|||||| [E U . A [ —— - ¢
1 | t i | 1 [ K] 50
1 1 I t ! 1 1 '
1 ! 1 1 ) )
1 ] 1 i '
1 I i | I
l I 1 1 I
1 1 1 ) !
llllll L I S NN S |
3 I ] ] i I P
I 1 ] i 1 I
| 1 1 ' 1 1
1 1 i t 1 1
1 1 ' I 1 1
I 1 1 1 1 1
! ! ! | ! !
1 L L L L L

Sl




(8v0€0
Aq Aldilinw ‘puooes iad sislsw 0} SBNI00}BA USAUOD 0) G UOlE]S Je (8seq) uoipuod Buisixe 1o} Yidap pue apnyubew AoojeA "0€ 8nbi4

Hld3d
HILVM —e—
ALIQOTSA — - {(u) aw1L 13aow
~ ~ [2)] [2)3 [ [o2] [=2] [+2] [=>] [¢)] [e)] [o2] [$)]
N TN @ 4 0 g ® g N g @ g O g KB g © g N g =2 g O g O
N [3,] - (8] o [¢,] [7e] (&) [ 4] (3] ~ [52] [+ (3] (3] (4] Py [$,] w [44] N (4] - (3] o [3;]
o I T ] T 1 L 3 ) 1 1 i L) 1 J J 1 1 1 i 1 1 ¥ 1 1 w¢°l
] 1 1 1 1 1 1 1 ] | 1 1 ] i i ] ] 1 ] 1 i t ' '
1 ] 1) ] ] 1 1 ] 1 ] i ] ] 1 1 i ¥ i | ]
| ] 1 1 1 ] 1 ' t 1 1 1 1 1 1 I I |
1 1 | 1 ] 1 1 ] 1 1 1 i 1 1 1 1 ' i
N ey e i St et e il e e il el Rl Ay -1
1 1 1 ] | 1 1 ] I ] 1 ! 1
1 1 i ) l 1 1 1 | 1 1 | '
1 ) 1 j 1 1 ' 1 | 1 1 ! !
1 1 1 1 | 1 I ' 1 I i
ct--- (it [t e B il el el B e Rl YO S SR il TR e A R el sttt Al Bl Sl T Al ol A1 § M
i i 1 1 ] i i i i 1 1
1 1 1 ] ¥ t ] i 4 1 t
1 | 1 1 I I | | 1 i 1 —
i ] I [ i ] 1 1 . 1 i m
g S e | L D W S _1111_11:_|||"||x_|||hsn.._|||"|:|_|||h..||.N.o. %
| | L
' I m
i 1 -
=) A ;
3? | t 0 w
M 1 ! w
z " " -
R R R e O e LR R R ERRLEEEEEEEEE - -- —~1zo §
" | " 5
) | | | | 9
91--- e e e T S I e e Tl el P00 ©
1 l 1 1 ' A
1 1 I 1 1
| ' I 1
1 t 1 ] i
2 t--- T it ST S F ey S g S Y L R b Y Sty TOUp T VR R Iy - == e - + - 9°0
) : | 1 1 1
1 l t l 1 <
1 ! i i 1 1 ]
) ! 0 l 1 1 1
| .
% SR S Lol | IR S SURE T e
1 ) 1 ) i 1 1 1 ' 1 1 1 1 1 | ) i 1 1 1
1 ) i ) 1 ! ) 1 1 1 1 1 1 I ' I 1 I 1 1 1 1 1
i | ' 1 1 ! 1 1 1 1 l 1 1 | 1 ) 1 1 ) 1 1 1 1 !
l 1 1 i 1 ! 1 | 1 1 l 1 1 1 1 ! 1 ! ) 1 1 1 1 !
m 1 1 1 L ] 1 ] L L 1 1 1 1 1 il L L L L 1 El L Il L —<




(8¥0€°0 Aq Aldmnw ‘puodes Jad sislew 0} SBIIO0JSA 1IBAUOD 0}) G UOHE]S Je epnjiubew AIoojsA *LE ainbi4

(1Y) IWIL T13qON

~ ~ [¢2] [e)] [2)] D o0 [ [¢)] [2)] [o)] D (4]
NOoDY 2 NP e ® 5 N g O 5 0 5 A 5 ® 5 N g = 5 6 45 ©
N [&)] - (3] o [$;] [T+ [é,] [+2] [$] ~ (8] [s;] [3,] (4] [3,] » [$)] w (4] N [4,] - (4] o [¢)]
' 1 ' ' i 1 1 [ ! ' | 1 1 ' 1 ! ! [ 1 [ t ) ! 1 }
1 1 ! ' 1 I ! 0 [ ! ' | ' 1 1 1 f [ t 1 i 1 [ 1
1 i [ ' i { ' | | i ' | ' ' 1 l 1 ' 1 ! ' 1 ' [
[ | [ 1 t [ 1 1 [ 1 [ 1 [ i | 1 i ! [ i [
! ! ] f i i | ! 1 ) i 1 | 1 | 1 t 1 | 1 .
DR A M oty atiale Bt il thaln  Sumiiath it Sl [ By bt S T S Al ety St il Sincienis ettt it ol * ¢
| ' | 1 [ 1 1 ! ! 1 1 ) [
! | | 1 i i ' i i 1 1 [ 1
' 1 ' ] | 1 | | 1 ) 1 t 1
1 ' ) i | | | | 1 1 | 1 1
AR S » . > 3 ! B T [pupuipuy K URpURY (R U NP PR PN . Cr V)
1 Y t ! 1 1 t f I | 1 1 | ! 90
[ 1 ' [ | ! [ 1 i 1 | 1 [ 1
i ! [ 1 ) [ ' 1 | t | | ' '
1 1 ! 0 i | | 1 1 ! | 1 [ |
1 | 1 1 i 1 i | ! 1 | 1 ' 1 .
a TrTTaT T £ 2 Il M B affy el ndiatinlh el Sl it b A 0 —
1 ] 1 1 1 | ] ] ! t | t | t | m
[ i [ [ ! ! 1 ! 1 [ | ' i 1 ) %
1 1 1 1 1 ! 1 1 ! 1 } 1 ' ! i
S NNY—0— ) 1 1 i 1 \ 1 1 1 1 ! 1 1 ! ' s
L Ly I UG R | Bttt ECRNEY PSP [ N iy A IGO0 DU TN 20 <
7 NOYH —6— ) 1 I I ) t ) 1 1 ' 1 1 1 H
' 1 1 t t 1 1 ' | 1 ! [ i
€ NNY —— ! [ ! 1 ! i 1 ! ' 1 | t ! (o]
1 1 [ i 1 ' [ ' ' ! ' ! ! (2]
< NNY—¥— — R T B e S S o =
) ! ' 1 ) ' ! ! i 1 | i ' ! ! =
I NNY 1 [ [ ' ' t 1 i | ' 1 ' ) [ cupm
1 1 | [ ' i 1 1 1 1 ' 1 ' [ 9
3svg —e— 1 | 1 1 | 1 1 1 i ! 1 ' ! [ =
- = e S U U I S L. RS U S | [ PRGN | U Y R KDY UG R "
1 i i i [ 1 ' 1 1 1 | ! [ [ ' ! ! ! ! t vNo m
| l t 1 | | ) 1 1 1 ) [ i [ i ! t t ! [ o
I i t 1 i ) i [ 1 | ) i ' i ' ' ' ' 1 o
i ' 1 1 1 ! 1 i | | i | 1 f | f 1 ) 1 )] pre
[ [ 1 ' ' t 1 ! t ! ' 1 1 1 1 ' ' i [ . —
[N N e e S S el ofilielie el il liadiad ittt o L Bt ety St Infidnls Sty 3 X0
t ! | ! 1 i ! ! ' ) 1 ! ! ! 1 ! ' 1
1 i [ ) ) ' ! 1 1 i ! ) i 1 [ 1
) 1 b t ' 1 ' 1 1 ' ' 1 I 1 ! [
| 1 1 ! ! 1 i I ! | ' ’ i R ! [ !
it RNty EpURpUIN Sy U NSV P I B TN ST MY U L 1 - L o
1 | [ 1 1 ! i | 1 1 | 1 1 1 1 | 90
l 1 1 1 ! I 1 ! ' 1 | 1 1 i t
' [ ' 1 1 1 1 [ 1 ! ' ! | ' 1 |
| ' 1 [ [ [ 1 t [ ! [ | 1 i 1 '
' ] [ ' ' 1 1 ! 1 ! r 1 ! 1 | t o
[ D E e L e S It ety Rl iy St et St t 180
[ ! 1 | 1 1 ' ) ! [ 1 | ' 1 ' 1 ' ! 1 1
i 1 ! [ 1 ) t ' ) 1 i I ! 1 | 1 1 1 t 1 t |
[ 1 [ ! i ) ' ! 1 1 | 1 1 ) t [ [ 1 1 [ 1 |
1 ' | [ i [ 1 t 1 1 | I 1 ) i [ i ' 1 [ 1 1 [ '
I} L L L 1 1 1 L ] L L Il 1 L L L 1 L L 1 1 tl Los 1 F




(8¥0€°0
Aq Aidninw ‘puodss sad sislew 0} SBNIO0BA LBAUOD 0}) 9 LOHEIS Je (8seq) uonipuod Bupsixe 1oy yidep pue apnyubew AjoojBA "z ainbi4

Hid3a
HALVM —e—
ALIDOISA—&— (+4) WL 13a0N
~ -~ [+2] [22] [o2] N [+2) (2] o [02] [¢,]
N TN Q2 4 0 g ® g5 N g O g5 0 g 2 -3 % o N o =2 o © o ©
N (8] - o (=] (4] © [$,] (=] (8] ~ [44] (o] [5,] (3] (3] E (4] w [3,] N [4,] - (4] o [$,]
o [] [] [] [ [] [} [ i [ ¥ 1 1 [ 1 t i [] ] ' ¥ [] [] w.OI
) ] ' ] ' 1 1 1 3 I 1 1 ] 1 1 1 ] 1 t 1 1 1
' i i | i i 1 1 t | ! ' 1 1 | 1 1 1 i 1 1 '
) t 1 ' ' i 1 i ! i i 1 i | ' l t 1 ' i ' i
| ! 1 ] 1 t I 1 I [ t 1 ] i 1 I ! i 1 i i !
Frn ] i 1 1 1 1 1 1 ] 1 1 1) t ] i i ] '
e il aiad” e e e R S [ e e i el e e Rt I e s e I Sl o X 0
] L 1 ] ] 1 ] I ] 1 1 1 1 1
! ! | ] ] | 1 1 i 1 | } |
1 1 } ¥ 1 t 1 1 ¥ 1 | I ]
) | ' 1 ' i i 1 | | I ) '
Tt 1 1 | 1 1 | 1 | | ] | 1
B At S EELIE R PN, N R R RS R4
¥ 1 1 1 ' ] 1 ] ]
l 1 I i I I ' ' i
i 1 i | 1 1 i | |
U 1 1 1 t ! ] ] 1
i " i 1 1 i ] ] i N.Ol

() ‘HLdaa
[+aoo74] (sp)) AL100713A [-aa3]




(8¥0€°0 Aq Aidmnw ‘puodss Jad sislew 0} SBIIO0IAA LBAUOD 0}) 9 UoHe]S Je spnyubew Ayoojsp “gg anbig

(1) 3wiL 1300

EN] ~ <D [o)] (2] [o2] N
o 2 S o ( N .
N (4] (4] (4,3 (6,1
-
I b .
-1 - vo-
1 1
i 1
1 1
1 1
i ] . m
CTTy AT T i AT _ <0 w
) i) ] 3 fwla
Voo " 5
SNNY—0— . “ o 5
¥ NNY ~6— R ! 5]
£ NNY —%— Lo ! m
INnU——| ¢/1F 1 R S R R T T S oL &
LNOY-m—| & 0 =
asva—e—| XJ 0 L L 0 h o
y | i ' | i [ ) | 1 i 1 [ [ [ O
. ] i i 1 ] 1 ] i 1 i ] ' i i G
A S R e e e Bt e Beadiadit ety Mttt Rttt Mt Rt nfidid ..l__..
1 ] 1 ] 1 i t 1 1 1 1 1 ] 1
i t 1 i H ] 1 ] i i 1 1 ] ]
1 1] i ' 1 1 ] 1 1 ! ! ] i 1
] I I ] t ' ] ] 1 ] 1 I 3 1
1 1 I 1] 1 i ] ] i ] 1 ] ' ]
l!I_I||~l||.|_||I.II|4.I...l_lllqnlll_lll_lII4II|_IIX~.III_II|~I
1 1 1 1 i ] | ] 1 ] 1 I ' |
i i ] t { 1 1 I ] 1 ] 1 | 1
] ] t 1 1 ] ] H ] ] 1 i b 1
i 1 i 1 i ] i 1 1 i ] 13 ] 1
] 1 1 t [} I ] 1 ¥ ] ] 1 ] ¥
B e e i Tt e e Bt e T [ oy SOy Sy PR U Sy B
1 i 1 | ] 1 ] 1 3 1 3 i 1 |
b _. 1 ] 1 1 ] ] I H t 1 1 1
' i 1 1 ] i ¥ ] I i 1 ] 1 1
H ] ] ] ] 1 1 ] I i 1 ] 1 i
[} ) 1 1 1 | s 1 1 H 1 ] 1 ]
1 i L L 1] L 1 L 1 1 1 L L 1




(8voe0
Aq Aidpinw ‘puodss Jad sislew 0} SBIIO0[BA LBAUOD 0}) / UONE]S Je (8seq) uojIpuod Bunsixe 10} yidep pue epniubew AlooBA g einbig

Hid3d
HILVM —o—
ALIDOTIA —m— (y) IWIL 130N
~ -~ [22] D [} [o2} [o)] w [o)] [+)] [o)] o (32}
N 2N 2 a0 g 9 g N g 9 g 0 g W g N e =2 @ o ©
N (4] - [4)] (=] [4,] [Te] (3] Lo} [¢)] ~ (4] [+ [3,] (3,1 [¢,] w (¢ w (4] N (3] - [$,] o [¢,]
[ 1 1 ! ! 1 1 ) ! 1 1 1 1 ) | ! I l 1 1 1 ' 1 1
1 l 1 ' ' 1 1 | I 1 1 l ! ! | | | 1 I 1 1 ) 1 l
1 l 1 ' ) 1 1 | | 1 1 1 i ) 1 ) | 1 l ) ' ) 1 1
1 ! 1 1 ! | I 1 1 1 1 ) | I ) ! 1 l 1 l i ' 1 )
! | | i 1 1 1 1 1 i 1 l 1 | | ! | l 1 1 1 ' 1 i
s 1 R R, L 1 4 e e e S e P Y
b - 1 1 1 1 1 l i ' 1 | 1 [ ) i 1 1 | )
1 ) 1 1 1 ) ! 1 | I | ) t ! 1 1 ) t
1 | 1 1 1 | ' ' ! I l 1 i | ! l '
1 1 1 1 ! ' I ) ' 1 1 l 1 ' ) )
| 1 ! ! t I ' 1 ! | ) 1 i l !
1 | ! ) ' ) | ) 1 | I 1 [ | .
||||||||||||||| (nintiat il il Slbaliell Wil i B At iuintil Iniadhelf uliadiadl Wil Mt Bty ol AN 0
1 1 ¥ ] I ] 1 ] ] i I ' 1 i
1 ] i i I i 1 ' 1 i i 1] i ' —
| | I ' 1 1 1 | i t | 1 [ t m
1 ' ' | t 1 | ' i ' ! ' ' [v2]
1 1 | ! ) I | ) 1 1 ! 1 1 o
_||(r||r|lu,ll|hllLIII_III_III_II.I—IerIIL.IILllvnN.Ol[
! 0 1 | ) | ' i ' 1 | 1 ' 1 ' <
1 | | [ ) ' | 1 i ! ' ' + ' ) —.-l:
t i 1 ' i ' I i 1 ] i I 1 1
_.n_.u_ I 1 ! I ! | 1 | 1 ! 1 t ) \ m
d I 1 1 i ] I 1 1 ] ] 1 t 1 -
[ | | | | 1
2 - b o 3
- | 1 1 ) ' 1 i | | 1 | 1 1 =
) ' 1 ) i ) i t | 1 ) 1 i ) &
- ' 1 1 ) | ' 1 1 1 1 I ) b @
1 1 1 1 ' ' ' i l 1 1 1 —
! 1 1 | i 1 i ) | 1 ! I o
) i i 1 B i B e eI L i -1 20 o)
1 1 1 1 1 ) ) ) 1 1 ) 1 \ bol
| | 1 1 1 ) ) 4 1 1 l | ! o
| 1 1 1 1 i ) ! | [ 1 | ' ¥
) ' 1 1 1 ! ) ! | 1 I ! St
1 ' ' I 1 ) ! | 1 1 !
| i [ I 1 1 | 1 1 1 ) .
i 1 | ' ' 1 1 | | 1 | | 1 ) | 1 I ' | 14Y
1 | 1 1 ' 1 1 I ; 1 | ' 1 ! ! 1 1 f ' 1
| ' ) t ) 1 [ | i ! | 1 [ 1 ) 1 1 1 ' [
| ' l ' ' 1 1 I ) | 1 1 N i i 1 l 1 1 ) 1
1 ' 1 ' ! 1 1 | | 1 1 1 1 i i i 1 | 1 ! ) [
9t 1 | 1 ' ' 1 1 | | ! 1 t 1 t | ! 1 i i ! | -
i Sniate Bty Ealili bl il pl il M S S B R g el R r r T-—1--+ 90
' 1 i t ' 1 1 | ) ! ! 1 1 ! 1 ) ) [ ) 1
1 ' ) ' ! 1 1 1 ! 1 | ' 1 1 | 1 1 | 1 ! !
[ I | t i 1 [ 1 I ' t | 1 ) 1 ) | 0 [ 1 1 '
1 1 ) | ' | i 1 I ) t [ ! ) ! P | [ 1 1 ! 1 1 1
1 1 1 ' 1 i 1 1 | 1 1 1 i ! ! t I 1 1 1 I 1 1 |
N L I} L 1 (! L L k| L 1 1 1 L 1 J. 1 L L L 1 L L L L m.o




(8¥0€°0 Aq Aidnnw ‘puodss Jed sislow 0} SBNIV0[OA 1IBAUOD 0}) / uonels Je spnjubew Adojep e ainbig

SNNY—0—
Y NOY —O—
€ NN —%—
CNNY —¥—
LNNY — 88—
asvg —e—

(4) awlL 13aon

@ » @
o o) o » h
o 0 o g »n

[+q0014] (sp) ALI1D0T13A [Fag3]




(8¥0€°0 Aq Aidninw ‘puooss Jad s1alsw 0} SBIIV0JSA USAUOD 0}) Z UONEIS J& UOIEBAS|S 80BINS JOlBM "9 2inbi4

(u) aWIL 1300

SNNY —0—
P NNY ——
€ NNY —>—
ZNNY ~%—
L NOY ——
3svg—e—

(¥) NOILVAZ T3 S0V-RINS ¥3LVM




(8v0€0
£q Aldpinw ‘puooes Jed sislew 0} SANI00|9A LSAUOD 0)) 8 UONE]S Je (8seq) uonipuod Bulsixa oy yidep pue epnyubew AooeA g ainbiy

HLld3d
Y3V —e—
(14) 3wiL 130l
ALGO TN 8 Y 8 L8 58 293 08 08 202 08 08 62 684 8
N o Y o 3 o 8 v 8 u T o 8 o & o 8 o 8 v 8 & 2 v 8 o
8 T T T T T T T T T T 0 T i T T T T 90
1 1 I ! ' 1 i 1 I 1 1 1 I I 1 |
| I t 1 1 1 1 1 i 1 1 1 | i 1 1
1 t t i 1 1 1 1 t ' 1 1 1 1 i i
] i t 1 ] 1 1 1 1 i ] L) 1 1 1 i
58 T T A A S R
|||||||||||| .”,||L|||__|||“xr|r||._.||.__..|.._|||“|||0.||._p|1.__|||_|||_||1r..1.”..11vo.
) 1 ' | 1 1 I 1 1 l
1 1 ! l ' | ! 1 l ! 1
4 i
6 | L L Lo o i
1 ] 1 1 1 ] | ' I 1 1 I t
'
- .."..||"|||1x14|||_|||"|....“ rrrrr L byt - 2°0- -
] 1 1 ] 1 1 ] i —-—.—
sey ®
| 1 i ] 1 1 1 ] 1 [
1 1 ! 1 ' N 1 ! 1 <
1 1 1 ] : | ] ' 1 m
g oot o T _ S
ﬂ ol ) ' 1 t t 1 ! ' ! ) [2]
3 R A ; 3
- ] ] I ] 1 ' I 1 ¥ 1 \-Ml
B oan L 1 ) ! i 1 | t l l t F:
R SRR T S A P W M S S [ 1zo 2
i ' | | 1 I ' 1 t 1 I _H_
e | " o
1 ; i 1 | 1 1 1 | 1 1 o]
[ ) t | 1 1 | | 1 ' 1 1 m
0 1 1 1 1 ' l 1 ' 1 1 —
||||||||| Y P T T, P T U T B 1 e
e e " | LAY
| t i 1 1 ! 1 ' 1 | !
ST 0 " " "
i [ ' 1 l 1 1 ! [ 1 1 |
I | ' 1 ) | l ) 1 l | [ i
A S SN N : & L
4 T e R T R |
f 1 1 1 ! | 1 ' | I ! 1 1 1 1 I | 1 1 1 1 |
l 1 1 ' i 1 1 1 1 1 I [ ) 1 l 1 ) 1 1 i ' |
1 1 1 ! ! 1 1 ! ! I I ! I 1 ) 1 1 1 i | ) l l )
] i ] | 1 ] 1 1 ' 1 1 ] ] ] I i 1 ! 1 1 t ] 1 3
m.N—‘ 1 1] L 1 L 1] L 1 L 1 1 1 L 1] L 1 4 L L 1 L L ] L w-o




(8v0€°0 4q Aldinw ‘puooas Jed sielawi 0} SBNNIV0ISA LIBAUOD 0}) 8 UOHE]S Je epmyubew AoojeA '8 8inbig

G NNY—0—
PNNY —6—
€ NNY —>—
NN —%—
L NOY —8—
Isvg —e—

2L

Sl

(u) 3wLL 13aow

TTTTT 669
69

TTTTTT 989
89

[+ao0121 (sp)) ALIDOT13A [-gg3)

1
1
i
1
1
1
1
llllll L__
i 1 ] 1 1 i t
1 I 1 1 1 1 ]
i 1 1 i i i i
' 1 ! ! i | !
] i 1 1 1 I 1 )
1 1 1 i 1 i I 1 1
1 I 1 i 1 1 I 1 I
- SR PR Lo _ 1 L d )
i i I i I I I 1 ] 1 1 I ] ! 1
1 1 i 1 t i 1 1 I 1 t ¥ 1 I 1 1]
t I i i I i i 1 ] I 1 1 I | ] 1 ' !
! i 1 ' ] 1 1 1 I 1 1 t ] 1 1 I i !
I ] 1 i ] 1 ¥ I ] 1 1 1 ] 1 t ! ] 1
i I 1 I I I i i i i 1 I 1 i t t I i
I i i ] ! 1 t ' i I i 1 ] I 1 1 | 1
! L L ! ! 1 L L 1 L 1 L L Il L . . .




(8¥0€°0 Aq Aidninw ‘puooes Jad siajeww O} SBINI0|SA LIBAUOD O}) 6 LUONEIS Je (8Seq) uonIpuod Bunsixe Joy yidap pue epnyubew AuoojeA "6€ 84nbiy

Hld3a
HILVMN —e—

ALIDOT1IA—8—

() ‘H1d3a

(14) 3L 13a0N
@ »
D g O
o o o

'8

g I

[
i
i
3
t
i
1
1
1
|
1
1
i
1
1

IR U A,

[ ¢0

-0

g6

90

[+a00714] (sm) AL10013A [-gg3]




(8v0€°0 Aq Aidninw ‘puooes Jad sielawW 0} S8NI00jaA 1IBAUOD 0}) 6 UOHE]S e epnjubew AoojeA "Of ainbiy

(14) 3wIL 1300w

~ ~ ()] [e)] [=) D 023 (o] ()] N » [02] (4]
N oo YO L e 2o N g 9 g O g & 5 O 5 N g =2 g O g O
N (54 - [¢,] o (¢, (] [$,] <« [¢] ~ (4,3 () [¢4] (3] (&) o wm w [§,] N [3,] - (3] o [4,]
0 T 0 | i 1 ) 80"
1 1 1 i ] 1 ]
] ] 1 3 I 1 1
] 1 t 3 i 1
! 1 1 i 1
! I I 1 1
| 1 1 1 i
1 1 1 1 i b .
||||| Tt rTCat- oot - ofF 90
1 1 1 1
1 1 ] !
] 1 ] 1
1 ] I i
] 1 1 1
I t i ]
1 1 1 ]
== =k = =g — = - F 0
1

m
[}
S NNy —e— . 2
¥ NNY —6— ! S
L I v [ T | - 20-
€ NNY —%— P s ! 9
ZNMY —9— ' X ' ! w
L NNy —— Vo \ E
asvd —e— L | e
[} 1 1 I 0 =
1 H 1 1 r
1 ! 1 | o
i 1 1 i 0
1 1 1 t o
i ] ) ' +
1 1 I 1 -
t t i 1 .
i Eiad il i ¥/ /®/ """ -1 20
1
i
1
I
"
t
- - -+
!
]
1
1
|
]
|

I
|
N
)
1
|
L LT Yupp——
1
i
L oo e e e m
I
1
L
I
|
1
|
1
i
1
n
|
I
]
7
1
1
:
3
¢
<
[=]

90




(8¥0€°0 Aq Aldijinw ‘puooss Jad sisleW 0} S8I}O0jEA UBAUOD O}) § UOHELS Jé LUO[JeAS|e 80euNs Jalep “Ly 8inbly

(*4) 3wl 13a0W

~ ~ ) [+ ) @ @ @ ] [+ » o I3
N N 2 N4 9O g9 © g N g O g O g W g N g =2 e @ o ©
N o I o & o 8 o 8 w T v 8§ o & &w e 8 a8 v 2 &6 8 w
[ t [] [l 1 1 ] [ 1 [] g i [] [] 1 [ ) ] 1 [ i t [} t o
1 1 i it ] 1 1 i 1 1 i 1 i 1 | 1 1 i 1 3 i 1 1 |
1 1 1 1 ] i ' i 1 ] i ' ] ] 1 1 1 i | i 1 1 ] i
1 1 ] | i i i i i 1 1 | 1 ! ] ] 1 ' 1 ] 1 i 1 1
1 | 1 1 ' | 1 i i 1 i 1 1 1 ] i 1 1 ] I H 1 i i
| 1 i 1 ] ] i 1 3 1 1 ] ] 1 1 ! ' t | 1 1 1 ] 1
t 1 1 1 ] i i i i ] 1 1 1 ] 1 i ' i ! I 1 1 1 1
1 ] t 1 1 i i 1 I ! 1 1 i i i I [ 1 ] 1 1 1 ) |
1 ] t i 1 ¥ t 1 ] 1 1 | ¥ t i ' 1 1 I 1 1 1 | 1
||l_lIIFIIl_lIIA_||lrI|L|||-IIILIII_IIILlll_llll_lllFI.I.I_IIX».|I|_|I|F|I|_l|lLl|I_IIILII|-|I||.I||—|||IIF
1 1 ] ] ] i 1 i 1 1 i 1 ' I i ¥ i 1 1 i ] 1 ] 1
1 1 i i 1 i | ] t 1 ] ] 1 t i 1 i ] 1 1 i 1 | '
1 1 i i [ | 1 ' 1 1 i ! 1 1 i i i ] 1 1 t ! i 1
t 1 [ 1 ] 1 1 1 i 1 ] 1 1 | i ] i 1 i | ¥ t i I
1 i 1 t ] 1 | I 1 ! I H 1 1 1 1 ' ] ! ¥ ' ! t 1
1 1 1 1 i | 1 I 1 | 1 t 1 i i ] ] ] 1 1 1
1 1 ] i 1 | t 1 1 ] Tt 1 ¥ 1 ] } 1 1 1 t
i i ] i i 1 1 ) 1 t ] i i 3 I 1 1 1 1
! 1 i I 1 | i 1 I ] ¥ 1 I i 1 1 1 !
bl 1 (l 1 [ 1 bl r w
1 1 I 1 1 -
1 1 i ' ' m
1 ) ! i ' A
' 1 i ¢ ' 7
SNNY—e— i t ¢ 1 1 m
1 1 i i 1
P NNY —%— i ' t 1 1 w
i ] 3 ] t
€ NNy —¢— ' _ [ T Q
i 1 I
CNNY —%— ' ' X m
L NOY —8— ! ! " g
1 1 1
3Svd —e— \ \ | =
1 1 1 0
] ! 1 \m
1 1 I
] 1 1 m
] ] |
1 |
] i
t i
¥ 1
i 1
] 1
1




(8¥0€°0
Ag Adninw ‘puodes Jad sislaw O} SBINOOIGA LIBAUOD 0}) O} UOHE]S Je (8SBq) UORIPUOD BupsIXe 10} yidep pue spnyubew AnoojeA “2y 8inbi4

Hld3d
HILYM —e—

ALIDOTIA —B— (4u) 3wiL 1Faow

§/9
49
G989
9
5G9

TS
L4

T S0

TTTT] 969
69

G'89

[

I
1
i
Ao
i
i
e
I
|
R S

F €0

- 20

< FTTTTTTT T 608

e e R
I
1
T
I
I

‘Hid3d

o1}
un
w

R e i R ek R ey r i
!
I
L
1
i
|
t
I
I
-
!
1
i
i
'
i

T0

o
o
[+ao04] (sp) ALIDOT3A [Fag3]

--t 2o

S9T

|
!

5ttt et St ety Kt it bttt ol
1
1
B s 1t IO FEU Uy SOy S UU U

-1 €0

-1 v0

1

)

N

1

1
s o

R e

A

G0




(8¥0€°0 £q Aidninw ‘puodss Jed sisjow 0] SBIIOO[OA 1GAUOD 0}) 0| UORE]S Je epnyubew AIoojeA ‘S a.nbi4

(1) awiL 13aow

G'e9

»
[}
2

L.
§'0L
A)
9

0L

T i
i !
! )
i i
} !
T O OO TS ST SO S S SRS ; ‘0-
" . €0
i !
| i
! i
. i I
TANNVHO | oo e AN OSSN oot - o
S NNy —— i | ﬁ
| i 1 o
! ! 1 1
S NNY —0— 1 ! 1 . =
R Bt R N N e O A T/ S o £
¥ NOY —6— " P " * o
' 1 1 1 [ 1 (9}
€ NNY —— : —_— " %\ d
' i ] | | ) —_
i | !
Z NN —¥— _ Lo | A\ g
t ) 1 1 t -
l 1 1 1 ' i =
L NNY —— _ Rk T S 1,_/ ,,,,,,,,,, L
i ' 1 | 1 1 ) h m
) ! I ! | ! l
JSvd —e— ) 1 1 ) 1 1 1 |w)
) ' 1 ) 1 1 1 e
i R T DU ULl _1__
1 1 ] 1 ) 1 ]
! t 1 ) ! ) )
i | i 1 ) ) 1
i 1 i ! i i !
1 | i I j i )
' + 4 [ P S, PR —
! ! ! 1 ! ) 1 | 1 1 |
1 ! t 1 ! ) | i 1 1 !
! ! ! | i ! ! i | i 1
) ! ! ) 1 ) i | | l 1
1 ] 1 ] ! i | | | | ]
I S i it S Ey Bt Tt ittt il Mty Ml
! 1 | i ! | 1 1 i | 1 i
: ! ) | ! 1 i ) ! i i !
! i : l ) 1 i | I ) I |
| | ' i ! ! i I ) ! t !




(8¥0€°0
Aq Aldpinw ‘puodes Jed sislew 0} S8NI00|BA LBAUOD 03) || UONE]S Je (8seq) uoppuod Buysixe 1oy yidep pue epniubew AIDojeA by 8nbig

Hid3d
ALV ——
ALIDOTEIA—8— (1y) 3w1L 1Faow
~ -~ [e2} N N [o)] [#2] [+)] [o)] ()] o] [22] [$)]
N o0y € v P g @ g N g O g O g5 b 5 O 5 N g = 5 O 5 O
N (4] - (4] (=] (4] © (4] o] (4] ~ [3)] (o] [3,] [3;] (8] » (4] w [é,] N (3] - ()] o [$)]
w 1 ¥ ] ] t 1 1 ] i 1 1 ) i t ) 1 1 i 1 1 1 ] 1 ! mFl
1 ] t ] 1 1 ] ¥ 1 1 ¥ 1 i ] 1 1 ] i i I i i 1 '
i t i 1 1 1 i I 1 1 t 1 i 1 1 1 t i 1 1 ] ¥ i ]
1 ] i 1 1 i | ] 4 I i I 1 I ' i 1 1 i 1 1 1
] t ] 1 ] I 1 ' 1 I i 1 1 ] 1 i I 1
¥ 1 | 4 1 i 1 1 i i i 1 ' 1 1 ] 1
] 1 I 1 1 1 t 1 ' ] 1 1 1 ) 1 ]
| | 1 1 1 | 1 ! ; 1 1 1 I 1 l
||||||||| - R B Ll e B L LT N iy I IIpUN DR N S s 5 -
N i t ] 3 i 1 1 ] 1 t i 1 ] F
1 ] 1 I i 1 I I t t ] 1 ]
1 i ] 1 i 1 1 ] ] I t 1 ]
1 1 1 i 1 1 I ¥ 1 I 1] I 1
i ] I ¥ [ 1 1 3 I 1 1 ]
| 1 1 1 i i 1 I ¥ I 1 1 |
1 1 1 I 1 1 1 t ' 1 1 1 ) L]
] 1 ] ] i 1 b t ! 1 3 t 1 i 1 i . 3
81 S fninind allial o i a7 Wil sl Rt Sl T it Tl il Ml B atiat aliadidh diniadie Kbl il et Mty o * 3 ¢ %
1 1 1 ' | 1 1 ' ) 1 1 | | 1 1 l 1 y
t ' 1 t 1 1 | | ' | | 1 1 | 1 ' 1 | =
1 ¥ 1 1 t 1 i 1 ] ] i I ] 1 1 ] 1 i ! 1 A
1 I 1 1 t 1 t 1 l 1 1 | 1 1 1 ) 1 1 l l E
o i ) 1 1 ! I 1 i I I 1 1 ' 1 1 | ' i l ! l o
m 1 1 1 ! 1 i { 1 1 i 1 1 1 1 i 1 t ] 1 ' | o
o ! i 1 1 ] Bi i 1 I 1 ] 1 ] 1 I i 1 I I ] | 1 1 -
4 6 1 I 1 I I 1 ] 1 ] 1 1 I 1 1 I 1 | I I 1 1 I L 0 M
T [ i [ 1 | 1 [ | [ 1 1 i [ 1 [ [ 1 1 ] ' 1 ) | [
—_ 1 ! 1 1 | l ' 1 1 1 ! ) ) ) 1 1 1 1 1 | 1 l ' 1 \..Pw
= 1 ; 1 i I 1 ' 1 1 1 1 ) 1 1 1 1 1 1 1 1 ! t 1 &
1 i 1 i | 1 | 1 ' I 1 ) I 1 I 1 1 1 I | 1 ! \ -
1 ¥ ] 1 1 i 1 ] 1 1 1 i t i ] 1 ] 1 ] i 1 t i
1 ! 1 1 ' | | 1 ' I 1 ) ! ! 1 1 1 1 1 I 1 i | .w
1 | 1 1 H t H i i 1 ] 1 ! 1 i ] i 1 1 i ' 1 ] o
1 ] 1 { i 1 1 t 1 1 1 ] 1 1 ] 1 i ] 1 1 1 ] o
0 e e e e e e e R A o el T e e Bl SR USRIV PRIpN Spay 4 ANFR Ry o
1 1 1 1 ) | | | i ! 1 | ! 1 1 t 1 ! ) 1 1 ! 1 +
) 1 1 1 i | 1 ' i ) 1 i ! 1 ) 1 | 1 l | 1 1 1 -
1 l 1 1 | I ) ! I ) 1 ! ! 1 ! 1 t ! l | ' | 1
! ) 1 | i I ) 1 L ! 1 ) ) ) 1 | 1 ' i 1 ! '
i - 1 ] ] ] 1 ] i _ I i t 1 1 1 3 1 t t 1 i | 1
' i 1 i ) ) ) I | | 1 ) ! 1 | 1 ! i 1 | 1 ¢
! 1 1 ! ! ) ! | ! | 1 i 1 1 | 1 ! 1 1 I 1 o
! [ 1 | ) ! ' I I | 1 i ] 1 1 1 | | | | 1
—‘_‘,‘Iln_.llx_lll_lll_lll...xl|_|ll...ll_llll_lll_l...l_ll(._lIll_lll_lll_lllﬂl ———— B i -cresve-71 0
i 1 1 i I ] 1 1 I t 1 ¥ ¥ ' 1 1 1 1 1 1 ] 3 ¥
t l 1 | 1 i 1 I 1 ) 1 | ) l 1 ! 1 | ! | ! ! ! i
| 1 1 I ! 1 ) I ) | 1 ! i ) 1 1 1 | 1 | | ) i
1 l 1 1 ! | t 1 1 I 1 I I ! ! 1 1 | 1 1 ' '
1 l 1 1 ) 1 | 1 1 I l ) ! ' 1 1 1 1 1 ! [ 1 I ‘
i 1 1 1 H 1 I 1 1 1 1 1 i t ] 1 ] i 1 i i i
1 1 1 1 1 Lo ! 1 ] 1 1 I 1 ' 1 I 1 1 1 )
NF 1 L 1 1] 1 1 ] ] 1 1 L 1 1 il L 1 L | 1 1 ] 1 m.F




(8¥0€°0 Aq Aidininw ‘puodes Jed sislow 0} SBINO0JSA 118AUOD 01) || uopels Je epnyubew Ayoojep Sy ainbig

(14) 3WiIL 1Ia0W

~ ~ @ @ ) » » Q o o0 [
N oy 2 N © g9 9O 6 N g O 5 O g o ® g N o 2 o
LS B ¢ N~ T & T 7> B . W - ¢ N S N S TR - TR T T S R SN > B SR 3 N R e -
¥ 1 i [ 1 3 1 ] H 1 ' 1 i | ] I ] 1 i ! ] ]
1 ] 1 1 ] { | ] i 1 1 1 1 ] t t ¥ ] 1 1 ] ]
1 i ] 1 1 1 1 ¥ 1 1 1 i ] ] 13 i I ' ] 1 1 1
1 ] 1 i H 1 1 1 1 f 1 ] 1 ] i i I i 1 1 ] 1
1 3 1 ! i 1 1 ] ] 1 1 ] 1 1 ] ! 1 ! 1 1 1 1
1 I 1 t 1 ] 1 ] 1 1 ] i i ] 1 1 3 1 ] 1 1
] 1 i 1 1 1 ] 1 1 ] 3 ] 1 ] 1 1 I [ ] 1 1
! 4 2 L J 1 ' L | L J [ 1
1 i ] 1 ' ] ] ] i tHl 1
] ] ] ] ] I 3 ] 1
1 | ] ] t i 1 ] 1
] ] 1 1 I ]
1 1 1 1 ]
i 1 1 t I
1 i 1 1
i L 1
1 1 1 .
1 1 1 ~—
m
Vo | o
' ‘ '
. n S
S NNY —@— L ! m
¥ NNy —6— ' 0
€ NNY —¢— " M
ZNNY—— ) &
b NOY—— ” =
]
asVg —e— ; o
o)
=)
KA




(€820°0 Aq Aidininw *08s/Ww N 0} 8B.BYISIP LBAUOD 0}) (BAOD JIN JO INO SI abireyosip qgs) pg ebues Je abieyosip elepm ‘9v ainbiy

GNNY —e—
¥ NNy —e—
€ NNY —%—
ZNNY —¥—
L NNH—8—
qSvd —e—

{(4y) WL 130N
~ ~ [o)] [2)] [+ [¢2] [e)] [s2] [e)] [¢)] [2)] D [4,]
N Y E NP g @9 N g O o O g5 K5 O 5 N g 2 o5 O g ©
N (4] - [3,] (=] [4,] [Te} (3] (o] [4,] ~ [3,] (o] (8] (3 [4:] R [¢)] w w N (3] - [$,] o (3]
T . T T T T r T T r T T r T T 00004~
[ 1 1 i 1 ) | 1 t P '
1 ' ' i 1 ' 1 1 ' i '
1 t | 1 1 i ! 1 ! i [
[ 1 | 1 1 1 ' | ! 1 i
' 1 ! [ ! ' 1 1 | 1 t
e i B e - -=1---F--+--4 0000¢-
1 | [ i b | 1 1 | [ 1
[ 1 | ' ] | [ ! | [ 1
1 ' ! i 1 ) 1 ) ! [ [
' 1 ! 1 | l | i [ [ 1
i 1 t 1 1 ] 1 1 1 1 ] 1
o R it e B k - I~ ==+ -~ 4 - -t - - - -4 - - 00002
i 1 | ! ) 1 | i 1 i | i | [ 1 1
1 1 ' ! 1 t 1 ' 1 i 1 1 1 [ i |
t 1 [ ! ! 1 ' 1 1 ' i 1 i ! ' ! [
t ! ! ! [ 1 ! i [ 1 t 1 I | ' ! [
1 i 1 l . t ) | i 1 1 t 1 1 ' [ 1 '
L S e I A e e B I P Tl o |\ \ o JE TSNy pUgpu, I= = = ~ -+ Llll_lllTI|+I||(OOO°P|
1 t ' 1 5 | 1 ' 1 [ ! 1 1 ) 1 ) [ 1 1 [ !
[ 1 ! [ ' 1 ! 1 ) [ 1 [ s 1 1 i 1 [ 1 ) [
[ ' | 1 1 ! 1 1 [ [ 1 1 1 i 1 [ 1 1 i ' |
' [ [ ) 1 1 ! 1 1 [ 1 1 I 1 | 1 [ 1 i 1 )
1 i 1 1 ! | 1 ! 1 1 ! 1 ' 1 i 1 | ' 1 i i |
I } } iy } Il {. { I } } } } J Il I 4 1 }
| ! 1 1 | 1 ! 1 1 [ 1 ' ' [ 1 [ 1 [ i [ 0
1 i | 1 [ 1 1 [ [ 1 1 1 | 1 1 i ! 1 ! [
I ! [ [ i [ 1 | 1 1 [ 1 1 t | | 1 ! [ 1
‘ 1 1 t i i | ! | 1 [ 1 ! 1 1 ' ¢ 1 [ |
i I ' [ 1 ' i [ [ [ 1 t [ ' [ | 1 ) ' i
et e T afta it T SR [ s i S T [SE N ) ) E O N &
1 1 i 1 t t i ) ! 1 ! 1 ! 1 [ I ' 00001
1 1 1 1 t i t ) 1 [ i i ) 1 1 1 |
1 | i ' 1 [ 1 l i ' i 1 ] 1 i 1 i
1 1 i 1 1 1 1 1 1 i 1 I b i 1 ! 1
[ 1 1 ' | ! ' 1 ' | i ' i [ | [ !
R B R itk kT SN UGGy [y TN TN SN S SR U 4 1 + -
I 1 1 1 ' | 1 [ 1 | ! i 1 ! 1 [ 1 00002
' ' 1 [ | ! 1 | ! | ! [ | 1 1 1 t
1 ' | t | i 1 | 1 ! | 1 | 1 | | 1
[ ' ! | 1 i 1 1 | ! ! ' 1 | 1 1 [
! ' 1 1 ! ) 1 1 ) \ 1 i 1 1 | 1
B B e R Y Qg |y A T [ NGO JR S S| 4 -
[ ' ! 1 i | 1 ) i ) [ 1 [ ' i 1 0000¢
1 | i 1 t 1 ) i i i i | [ [ t |
[ 1 i 1 1 i ' 1 [ t 1 1 ! 1 1 [
! 1 t | 1 [ i t 1 i i 1 t t 1
i [ i ! 1 ! 1 1 1 1 ' [ 1 ! 1
o e b oLl ot o4 4Ll _L__%to_4 F
' i 1 I [ 1 | 1 1 i | ! ! t 1 @ooov
1 1 | [ | 1 ! [ 1 1 [ [ [ ] !
[ i 1 } ' 1 1 1 | 1 | t i t [
! 1 ) 1 1 ) i ! | 1 } ' I ' '
[ ' 1 ! | i ) ' 1 | } i [ ' i
i} 1 i 1 L 1 I 11 i1 L 1 1 Il L I

00005

[+a0014] (sp2) ‘aouvHosia [-agal




(€820°0 Aq Aidinw *08s/w no 0} 8b1eYISIP 1IBAUOD 0}) (30D [N OJuI S| 8B.JeyDSIP 0ge) 98+GE sebuk Je abieyosip Jelepm “Lv ainbi4

{4) 3w 1T3aoK
S ~ @D I} o) @ o)) Q » e} o o2} 13}
~ N P 4 © 5 ©® g5 N g O 5 O g o ®W o N o 2 o O g ©
N 20 O 0 B N ey Ao N R 8 o»
A ] I 1 1 I t 1 ! 3 ] 1 1 ooooml
I ] 1 1 ] 1 1 H 1 ) 1 ] v
1 i 1 1 i 1 ] 1 1 1 1 1
1 1 i 1 ] 1 i 1 1 i ] 1
|||||| 1ol o o R AU FUY AT DU SUNE SRR GUN SRS TN SRS | .
| ] I H 1 i 1 ] 1 1 OOODN
t ] i i 1 H 1 i i t
i 1 1 1 ] i ] ] 1 1
| i 1 1 1 i ] 1 1 1
||||||||| ] oA __L__
|
!
1
]

- 000G 1-

LV PR N SN

- 0000L-

m
o
o
=)
G NMY —8— X m
¥ NNy —— e S e ey /- xS L~ -t 0005 >
€ NNy —— ; @
Z NN —%— 0 )
L NNY —8— m
asva—e— ul
...... y - 0005 O
0
[w)
o/ R
......... , _ -=-i---+--+ oooo}
......... = --- - =1 00081
.................. L - -1 00002
00052




.
s07 "y,

4
I.:“'

2 MILES

Figure 48. Ebb velocity vectors at Mill Cove, existing condition (to convert scale to kilometers, multiply by 1.6)



2 MILES

Figure 49. Flood velocity vectors at Mill Cove, existing conditions (to convert scale to kilometers, multiply by 1.6)



v * " -
XA~ - -
I’ i

v -

2 MILES

:
t

Figure 50. Ebb velocity vectors at Mill Cove, Plan 1 (to convert scale to kilometers, multiply by 1.6)



2 MILES

Figure 51. Flood velocity vectors at Mill Cove, Plan 1 (to convert scale to kilometers, multiply by 1.8)




2 MILES

Figure 52. Ebb velocity vectors at Mill Cove, Plan 2 (to convert scale to kilometers, multiply by 1.6)
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Figure 53. Flood velocity vectors at Mill Cove, Plan 2 (to convert scale to kilometers, multiply by 1.6)
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Figure 54. Ebb velocity vectors at Mill Cove, Plan 3 (to convert scale to kilometers, muttiply by 1.6)
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Figure 55. Flood velocity vectors at Mill Cove, Plan 3 (to convert scale to kilometers, multiply by 1.6)
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Figure 56. Ebb velocity vectors at Mill Cove, Plan 4 (to convert scale to kilometers, multiply by 1.6)
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Figure 57. Flood velocity vectors at Mill Cove, Plan 4 (to convert scale to kilometers, multiply by 1.6)



2 MILES

Figure 58. Ebb velocity vectors at Mill Cove, Plan 5 (to convert scale to kilometers, multiply by 1.6)
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Figure 59. Flood velocity vectors at Mill Cove, Plan 5 (to convert scale to kilometers, multiply by 1.6)



(€820°0 Aq Aldiyinw ‘ces/w no 0) sebieyaSIP UBAUOD 0}) | UONOaS SSOID Je abieyosip 10N '09 8inbi4

NVd
s NNY ¥ NNY £ NNy ZNNY I NNY asve
: - 0
002
- 00p
- 009
z
m
.I-
=
oo 2
X
2
[9]
0001 M
&
]
o0zl &
o
o
)
oori
0094
L 0081

000z




(€820°0 Aq Aidiinw ‘08s/w no 0} S6BIBYDSIP LIBAUOD 0}) 2 UOROBS SS010 Je abieyosip 1N * 19 81nbi4

002

- 00%

— 008

(+ ‘a0014) ‘(s42) 39UVHOSIA 13N

- 0021

0094




(820°0 Aq AldiINW ‘w Nd 0} SBWINJOA LIBAUOD 0}) BAOYD (I} Ul J81EM JO BWN|OA 29 8inbig

G ued : p ueyd ¢ ueld 2 ueid } ueyd aseq

9+30°008

9+30°028

9+30°0v8

S+30°098

9+30°088

9+30°006

(:1d) ‘IWNTOA

9+30°0¢6

9+30°0v6

9+30°096

9+30°086

6+30°1L




(820°0 Aq Aldyinw ‘w N2 oJul MOJ} UBAUOD 0}) 804D [epl} suo BulNp 8A0D |jIWN OlUI MOJ) J8JeM €9 8inbi-

NV1d
G ueid ¥ ued ¢ ueid Z ueid 1 ugid aseq
t t ¥ 3 ST - 00+300°0
e N 0043002
. . : | 80+300'V
) n
) r
. : N
| =
v - - 80+3009 3,
. B m
- =<
. SR o
[N R r
| e b
- 80+300°8
~ 60+300°1

60+302°1L




Buysnyy fepi) ‘»9 einbi4

Nv1id
G uejd ¢ ueyd ¢ ued Z ueid ) ueld aseq

- 000

- 020

- Ov'0

— 1 090

— 080

(ST10AD #) ‘IWIL ONIHSN T4

00’}

oc'L

or'lL




<) N ‘
;\-‘\\ M “ \\“\\“\ﬁ\\\\l
SN
N i .
“‘\‘ \"ju',',l,' >
/ / \ STy 4
S IR iy 2
- e A 2 A7
S ‘.4;1,1'///,{{‘4,7 &
A Ll

%
5: H.... [/
EHA A
NI
NI T 745
2 \\wy 7
> Iy g
S 1770 g
Ny, ~~-;’. """'/ 5
[]
:
=
ke
Y
N
)
(74 _
‘;’..;' 111174
SEA A

e XN

FRERERRRSSON. S X K ) %

RS ST
<

)
XL NS

2 AR ‘ ¢/ 9,

% AN ‘\\\\: "v¢ >

STATION 14

Figure 65. Location of stations in the navigation channel (to convert scale to kilometers, multiply by 1.6)
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